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Steel-Making Capacity 


BECAUSE coal and steel are basic necessities for so 

many of our industries, shortages of these materials 
in the post- -war era have been discussed at length in the 
press and on the platform, and the running of the 
industries concerned has been criticised on several 
counts. Not least of these, in the case of the steel 
industry has been the inadequacy of the programme 
of reconstruction and development, in the sense that 
much greater manufacturing capacity should be available 
than is catered for in the industry’s development plan. 
It is true that there was a general shortage of steel 
immediately after the war, and shortages of particular 
classes have arisen from time to time—indeed, a few 
pockets of resistance still remain—but supply has been 
getting closer to demand in the last year or so, and it may 
be that it will shortly overtake it. Britain is the cheapest 
producer of steel in the Western Hemisphere, and her 
output has continued to rise gradualiy since the war. 
Month by month, the 1953 output has been greater than 
that of 1952 but it is by no means certain that this 
state of affairs will continue. In rejecting the recent 
wage claim, the engineering employers claimed that 
orders for engineering goods were 25%, lower in the year 
ended May last than in the previous twelve months— 
and the engineering industry is a large consumer 
of steel. 

Considerations such as these give point to a discussion 
on “ How Much Steel-Making Capacity ’’ which appears 
in the latest Monthly Statistical Bulletin of the British 
Iron and Steel Federation. Owing to the length of time 
taken to build new blast furnaces, coke ovens and steel- 
works, it is essential to attempt to anticipate the course 
of home and export requirements for at least five years 
ahead before preparing a plan of development and 
reconstruction. As the steel industry grew, the system 
whereby decisions on development were taken by 
individual firms in the light of their own knowledge and 
estimates of the future, gave place to one in which 
development plans were made as a result of discussions 
between a central body, with wider knowledge, and 
member firms. The close relationship between steel 
requirements, on the one hand, and Government 
economic policy and defence needs, on the other, is 
responsible for a further development along these lines, 
in that a feature of post-war development planning in 
the steel industry has been that the production objective 
has, from time to time, been broadly agreed between 
the Government and the industry. This was true of the 
16-million-ton objective of the first post-war plan, and 
its subsequent revision to 18 million tons : it is also true 
of the 21 million tons for 1957-58 estimate, on which the 
second development plan is based. The latest target 
allows for a home demand for 18 million tons, and for an 
export of 3 million tons. This estimate is based on a 


number of assumptions—full employment in this 
country ; 


a high rate of capital investment; and a 
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considerable further expansion of metal goods exports. 

Some there are who incline to the view that those 
assumptions are optimistic, while others have an even 
more optimistic outlook. It should be borne in mind, of 
course, that there is a certain amount of flexibility in 
these plans. If the need arose, some of the plant 
scheduled for scrapping could be kept in operation in 
addition to that erected to replace it, whilst, for limited 
periods at any rate, the industry could operate at a rate 
beyond its normal capacity. In view of the necessarily 
long time between planning a plant and putting it into 
operation, combined with the not inconsiderable assump- 
tions that have to be made in estimating future demands, 
there is a school of thought which favours the provision 
of excess capacity as a safeguard against shortages. 
The implications of such a step must be considered 
against the possible danger to the economy of a steel 
shortage. 

In the first place, additional steel-making capacity 
would require increases in capacity in coal mining, 
power generation, ore mining, ore transport, etc., with a 
demand for additional labour to man that extra capacity. 
Should the extra capacity not be needed, there wouid, 
therefore, be under-employment of both plant and 
workers. Furthermore, the capital tied up in the extra 
capacity could have been used elsewhere—perhaps in 
the steel consuming industries—with greater benefit. 
At a time like the present, with available investment 
capital far short of requirements, the squandering of 
resources on idle plant should be avoided as far as 
possibile. The lack of capacity to use steel due to lack 
of capital, could be no less harmful to the economy than 
lack of capacity to make it. 

A further point, and one of great importance in view 
of the need to keep export (and home) prices down, is 
the effect of under-utilisation of capacity on the price of 
the product. Obviously, if the plant is operated at, say, 
95°, of capacity, the capital charges will be spread over 
a greater tonnage than if it is operated at only 80% of 
capacity. 

Thus, while there are dangers in having too little steel- 
making capacity, there are also dangers in having too 
much. What is needed in the national interest is that 
expansion of capacity in steel should be kept in step 
with that of the consuming industries. This, however, 
demands that the industry’s development plans be based 
on the best available estimates of future home and 
export requirements. It is for this reason that consulta- 
tion between the industry and Government economic 
experts must be regarded as a permanent feature of 
post-war development planning. On the whole, agree- 
ment is likely, as the forces of competition—the desire 
not to lose to rivals an opportunity of legitimate 
expansion—should assure the acceptance of estimates 
recognised to be economic. Should the occasion arise, 
however, the Iron and Steel Act of 1953 enables the 
State to undertake development which the industry 
itself is unable or unwilling to provide. 
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November Diary 


2nd 

Institute of British Foundrymen—Sheffield Branch. 
**Core Assembly as a Production Aid to the Jobbing Foundry,” 
by E. H. Beecu and J. Hoyers. Sheffield College of Commerce 
and Technology, Department of Engineering, Pond Street, 
Sheffield, 1. 7.30 p.m. 


3rd 

Institute of British Foundrymen—Slough Section. Open 
Discussion with the Engineering Industry Association. Lecture 
Theatre, High Duty Alloys, Ltd., Slough. 7.30 p.m. 

Institute of Metals—Oxford Local Section. ~“ Metal 
Economics,” by D. A. Ottver, C.B.E. Oak Room of the Cadena 
Café, Cornmarket Street, Oxford. 7 p.m. 

Institute of Metals—Sheffield Local Section. “The W. 
1,400 Walking Dragline.”” Joint Meeting with the Sheffield 
Metallurgical Association and the Sheffield Society of Engineers 
and Metallurgists. B.I.S.R.A., Hoyle Street, Sheffield, 7 p.m. 

Institute of Metals—South Wales Local Section. ‘ The 
Search for Metalliferous Mineral Deposits,” by Dr. D. WILLIAMs, 
University College, Metallurgy Department, Singleton Park, 
Swansea. 6.45 p.m. 


4th 
Institution of Engineering Inspection—Birmingham 
Branch. Non-Destructive Testing,’ by Mr. Histor, Room 
3, Birmingham Chamber of Commerce, New Street, Birmingham. 
7.30 p.m. 
5th 
East Midlands Metallurgical Society. ‘‘ The Training of 
Metallurgists,”” by Dr. A. D. Merrman, G.C.,O.B.E. Notting- 
ham and District Technical College, Shakespeare Street, 
Nottingham. 7.30 p.m. 
Institute of Metals—Birmingham Local Section. 


Discussion on “ Metals or Plastics.” James Watt Memorial 
Institute, Great Charles Street, Birmingham. 6.30 p.m. 
Institute of Metals—London Local Section. * The 


Preparation and Properties of High Purity Nickel Powder,” by 
Proressor F. A. Forwarp, Royal School of Mines, South 
Kensington, London, 8.W.7. 7 p.m. 


7th 
Institute of British Foundrymen—Wales & Monmouth 
Branch. ‘Aluminium Pattern Equipment by the Pressure 


Cast Plaster Process,” by D. H. Ports, Engineers Institute, 


Park Place, Cardiff. 6 p.m. 

Institute of British Foundrymen—West Riding of Yorks. 
Branch. “Shell Moulding,” by C. Porrer, Technical College, 
Bradford. 6.30 p.m. 

9th 

Institute of Metals—Scottish Local Section. ‘Gas 
Unsoundness,” by Dr. C. E. Ranstey, Institution of Engineers 
and Shipbuilders, 39, Elmbank Crescent, Glasgow, C.2. 6.30 p.m. 


10th 

Liverpool Metallurgical Society. ‘‘ The Development of 
Metallic Are Welding and Electrodes during the past Half- 
Century,” by E. Frinrnam, Joint Meeting with the Institute of 
Welding. College of Technology, Byrom Street, Liverpool. 
7.15 p.m. 

1ith 

Institute of British Foundrymen—London Branch. 
** Pattern-Making and Storage,” by A. Tatsot, Waldorf Hotel, 
London, W.C.2. 7.30 p.m. 

Manchester Metallurgical Society. ‘‘ The Properties and 
Applications of Spheroidal Graphite Cast Iron,” by Dr. A. B. 
Everest. Lecture Room, Central Library, Manchester. 6.30 
p-m. 

12th 

Institute of British Foundrymen—Lincolnshire Branch. 
“ Quantity Production of Engineering Castings,” by J. BURRELL. 
Lincoln Technical College. 7.15 p.m. 


Leeds Metallurgical Society. “Zinc-Base Die-Casting 
Alloys,” by L. A. J. LoppEr. Chemistry Department, The 
University, Leeds, 2. 7.15 p.m. 


13th 
Society of Chemical Industry—Corrosion Group. All-day 
Symposium on Cathodic Protection. Institution of Electrica] 
Engineers, Savoy Place, London, W.C.2. 9.45 a.m. to 1.15 p.m,; 
2.30 p.m. to 5 p.m. 


14th 
Institute of British Foundrymen—Newcastle Branch, 
** Outlook and Attitude of Management and Workers of British 
and American Foundries,” by R. F. Horton. Neville Hall, 
Westgate Road Newcastle-on-Tyne. 6 p.m. 


Institute of British Foundrymen—Scottish Branch. 
‘“* Rationalised Foundry Management,” by F. BucKLEy. Royal 
Technical College, Glasgow. 3 p.m. 


16th 
Institute of Metals—-Sheffield Local Section. * Indenta- 
tion Hardness,” by D. TaBor. Joint Meeting with the Sheffield 
Met llurgical Association and the Sheffield Society of Engineers 
and Metallurgists. Mappin Hall, St. George’s Square, Sheffield. 
7.30 p.m. 


17th 
Institute of British Foundrymen—East Anglian Section. 
** Sands,” by A. P. Lovat. Central Hall, Public Library, Ipswich. 
7 p.m. 


18th 
Institute of British Foundrymen—North East Scottish 
Section. Film Night. Imperial Hotel, Arbroath. 7.30 p.m 


19th 
Institute of Metals—Birmingham Local Section. ‘Recent 
Advances in Electro-Deposition,” by Dr. J. W. CuTHBERTsOon. 
The Imperial Hotel, Temple Street, Birmingham. 6.30 p.m. 


North East Metallurgical Society. Discussion. ‘ The 
Training of a Metallurgist."”" Opened by Dr. A. D. Merrimay, 
G.C. O.B.E. Cleveland Scientific and Technical Institute, 
Middlesborough. 7.15 p.m. 


20th 
Institution of Mechanical Engineers. Thomas Hawksley 
Lecture: “ Relaxation Methods: a Retrospect,” by Sm 
RicHarp SoutTHweE tt, F.R.S. Storey’s Gate, St. James’s Park, 
London, 8.W.1. 5.30 p.m. 


West of Scotland Iron & Steel Institute. ‘‘ The Develop. 
ment of Basic Open-Hearth Practice during the last Forty-five 
Years.”” by J. A. ANDERSON. 39, Elmbank Crescent, Glasgow. 
6.45 p.m. 


21st 
Institute of British Foundrymen—Bristol & West of 
England Branch. “ Efficient Production Methods for Machine 
Tool Castings,” by G. W. Nicuotis. Grand Hotel, Bristol, 
10.45 a.m. 


24th—26th 
Iron and Steel Institute. Autumn General Meeting which 
will include a Symposium on Sinter, 4, Grosvenor Gardens, 
London, 8.W.1. 


25th 
Institute of British Foundrymen—Birmingham Branch. 
‘“*Shell Moulding,” by J. E. Worrnineton. James Watt 
Memorial Institute, Great Charles Street, Birmingham, 3. 7.15 
p-m. 


Manchester Metallurgical Society. ‘‘ Sub Grain Structures 
in Metals,” by Dr. R. W. Cann. Lecture Room, Central Library, 
Manchester. 6.30 p.m. 


27th 
Institute of British Foundrymen—Falkirk Section. 
‘“* Factors Influencing the Quality of Iron Castings,” by R. R. 
Taytor. Temperance Café, Lint Riggs, Falkirk. 7.30 p.m. 


Institute of British Foundrymen—London Branch. 
Official visit of the President of the Institute, Mr. E. LonepeEy, 
and Mrs. Lonepen. Annual Dinner and Dance. Café Royal. 
7 p.m. 


Institute of Metals. Informal Discussion on ‘“ The Training 
of Metallurgists for Industry.” Royal Institution, Albemarle 
Street, London, W.1. 10.30 a.m. to 12.45 p.m. ; 2.15 to 4.30 p.m. 
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Latin-American Steel 


Present Position and Future Possibilities 
Specially Contributed 


Whilst the steel market in the Latin-American countries is at present limited, it is expected to grow 
fairly rapidly, but although the iron ore, man-power and wages positions are favourable to the develop- 


ment of native iron and steel industries, the lack of capital and scarcity of coking coal are serious 
drawbacks. In the following pages particulars are given of the ore, coal, electricity and steel positions 


HE present general position of the steel industry in 

Latin-American countries was the subject of an 
interesting memorandum prepared for discussion 
at a meeting of steel experts held in Bogota, Colombia, 
at the end of last year. The countries covered were the 
Argentine, Brazil, Chile, Colombia, Mexico, Peru and 
Venezuela, which occupy about 87%, of the surface and 
include about 81°, of the total population of Latin- 
America. Three of these countries (Brazil, Chile and 
Mexico) already possess co-ordinated steel industries ; 
the Argentine has developed certain branches of steel 
rolling; in Colombia and Peru integrated steel indus- 
tries are in course of development ; and Venezuela is 
about to embark upon a similar project. When con- 
sidering the future, it has to be recognised that these 
countries have in their favour good supplies of iron ore 
of good quality, abundant man-power, and a low wage 
level. While, with certain exceptions, the market is at 
present limited, it is destined to grow rapidly ; but, on 
the other hand, scarcity of capital and lack of coking 
coal are both adverse factors. 


Argentine 


Of the countries named, the Argentine has reached a 
notable stage of economic development, and although 
the traditional sources of wealth have, in the past, been 
agriculture and livestock, the growth of industry has 
been such that by 1947 the rural population had dimi- 
nished by 40%. In post-war years, imports of rolled 
products have varied between 600,000 and 800,000 tons, 
while the domestic production is estimated to exceed 
300,000 tons per annum, so that the consumption per 
head of the population is around 154 lb. yearly. 


Ore 

The situation with regard to iron ore reserves is not too 
favourable, and the pre-war conclusions in this respect 
were frankly pessimistic. Since then, however, exploita- 
tion has commenced of the field at Zapla, in the Province 
of Jujuy, in the north east of the territory, where the 
reserves are now estimated at 100 million tons, with a 
40° content, and from which 38,000 tons of mineral 
were extracted in 1950. A material improvement in the 
general situation is also expected to result from the 
discovery of a field near to the sea, in Sierra Grande (Rio 
Negro Government), to the south of Buenos Aires, 
where the reserves are estimated at between 26 and 30 
million tons of mineral of approximately 55°, content. 
Exploitation of these supplies would require railroad 
transport to the coast, a distance of about 35 miles. 
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in seven of these countries. 


TABLE i.—POPULATION, INCOME AND STEEL CONSUMPTION 
STATISTICS 


of 
1948 1948 Steelt 
Popula- Income Hourl 
Country (dollars Rate® Total und 
( per head) | (dollars) (thous. 
of tons) P 

Argentine ee @s 17,100 365 0°57 1,200 154 
Brazil ae a 52,600 120 0-53 870 38 
0 5,800 200 0-44 206 77 
Colombia .. .. .. 11,300 140 0-94 160 33 
Mexico .. . os 25,400 130 0-49 600 52 
8,830 105 0-41 60 15 
Venezuela oe «s 5,000 340 2-00 400 176 


® Average rates paid in the existing oil and steel industries in the respective 
countries. 

+ Figures cover rolled-steel products and include tubes, but do not cover steel 
incorporated in machinery or equipment and other manufactures. 


TABLE II.—PRODUCTION OF ROLLED STEEL (THOUSANDS OF TONS) 


Estimated 
Country 1940 1946 1951 1955 
Argentine .. .. .. 4°5 116-0 300-0* 700 
_ ere 141-2 342-6 700-0 1,500 
Chile se we 23-0 32-6 148-0 250 
130-1 268-3 400 -0* 700 
Venemuela .. .. .. 3-0* 3-0* 4-0* 
301-8 762-5 1,555-0 3,313 


* Estimated figures. 


Coal 

The most important mines are those of Rio Turbio, 
situated in the south in the Santa Cruz territory, with 
reserves of between 250 and 350 million tons. The 
quality of this coal falls between the sub-bituminous A 
and the high-volatile bituminous C of the A.S.T.M. 
classification, and the following is an analysis of the 
main supplies from this field : 


Moisture 
Volatile materials . 30°62% 
Fixed carbon 43°72% 
Ash . 17-94% 


Calorific value (high) 5,768 cal/g. (10,390 BTU) 

For the better use of this class of fuel, a washing plant is 
under consideration, but the principal drawback to its 
large-scale exploitation is its location, which is a con- 
siderable distance from the nearest port, although a rail- 
way of some 175 miles has been commenced to connect 
Rio Turbio with the port of Rio Gallegos. Until this 
line is finished, the output of the mines will not be large, 
the present figure being about 20,000 tons per annum, 
mainly for local consumption. An immediate expansion 
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of production to 400,000 tons yearly is expected to take 
place on completion of the railway, with a final maximum 
of some 2 million tons per annum. 

Bituminous coal supplies are also known to exist in 
the Provinces of La Rioja and San Juan, but the reserves 
have not been considered sufficient to justify economic 
working. 


Electricity 

The hydro-electric reserves of the country have been 
estimated at some 20 million kW, but these reserves are, 
in the main, far from the centres of actual consumption. 
This is the reason why, out of the total power installa- 
tions existing in 1945, hydraulic stations accounted for 
only 46,000 kW, while thermal stations had a capacity of 
1-2 million kW. This capacity has been increased of 
late years as a result of the government plans for electri- 
cal development by a further 100,000 kW, while con- 
tracts for an additional 400,000 kW have been placed, 
of which 230,000 kW is hydro-electric. 


Steel 

The comparatively unfavourable mineral situation 
has not prevented a considerable development of the 
secondary rolling industry, for which considerable 
supplies of scrap, estimated at some 150,000 tons per 
annum, are available, as also is charcoal from the Zapla 
plant. Imported billets amounted in 1951 to 180,000 
tons, and the total production of rolled products in the 
Argentine in 1951 was estimated to exceed 300,000 tons. 

The chief rolling plants at present operating are : 
Industria Argentina de Aceros S.A. (A.C.I.N.D.A.R.), 
producing bar, wire and tube, with plants in Rosario and 
Villa Constitucién; and Talleres Metalirgicos San 
Martin, La Cantabrica y Talleres Metalirgicos Santa 
Rosa, with plants in the capital. 

A national Steel Plan exists which provides for 
duplicating the Zapla works and the installation of an 
integrated plant in San Nicolas, with an initial capacity 
of over 300,000 tons of rolled products. For the produc- 
tion of the necessary coke, it is planned to use washed 
coal from Rio Turbio mixed with imported coal: iron 
ore supplies will come from Sierra Grande. Another 
possibility envisaged by the Plan is the import of ore 
from the Brazilian fields of Urucum (Corumba) near the 
frontier, or from the supplies available on the Bolivian 
side of the Rio Paraguay. In either case river transport 
can be utilised, subject to the necessary dredging. 


Brazil 


Although the average income in Brazil is lower than the 
general average of Latin-America, this is the country 
which has shown the greatest industrial development 
of recent years. The consumption of rolled products 
has also greatly increased, from an average of 400,000 
tons in the period 1935/1939 to more than 660,000 tons 
during 1945/1949, reaching 870,000 tons in 1950. 
Industrial development has been the main reason for 
this increased consumption, but the average consump- 
tion per capita is still at a relatively low level, amounting 
to barely 37 lb. during 1950. 


Ore 

Surveys undertaken by the National Geophysical 
Service in 1937 estimated that Brazil had iron ore 
reserves amounting to 15 million tons in the State of 
Minas Gerais alone, while in addition there are important 
reserves in other parts of the country, notably in Urucum 


in the Corumba zone. These indicate that of the prob. 
able resources of the world, Brazil possesses about one. 
sixth. The Minas Gerais supplies, in addition, are of 
high quality, an indication of which is the fact that of the 
exports of this material in 1949 amounting to 675,000 
tons, the average iron content was 68-78°,, with 
phosphorus 0-017°. The mineral exported was of the 
compact hematite variety of which there are reserves 
estimated at | million tons exploitable by surface working 
in Minas Gerais alone. Other varieties are also available 
with a high iron content, but with higher phosphorus 
than the hematite variety. 

Coal 

The mines in actual production are situated in the 
south of the country in the States of Santa Catarina, Rio 
Grande do Sul, Parana and Sao Paulo, the reserves being 
conservatively estimated at about 500 million tons, of 
which the largest portion is in Santa Catarina. In this 
State are located the mines worked by the Companhia 
Siderirgica Nacional, the national undertaking which 
owns the Volta Redonda plant, the only one in Brazil 
working with metallurgical coke. The coal from this 
company’s mines is classified as low-bituminous medium. 
volatile, with high ash and sulphur contents: it is washed 
before use. The cost per ton is higher than that of 
imported coal of better quality delivered at the works, 
and the maintenance of these particular mines in opera- 
tion is, therefore, to be regarded as a measure of security 
against all eventualities. An additional drawback is 
that the mines are situated at a considerable distance 
from the present main centres of production. 

Coal supplies are also believed to exist in the Piaui 
zone, in the north of the country, and near to Mato 
Grosso in the State of Para, the latter of the anthracite 
type, but located very far from industrial centres. 


Electricity 

Hydro-electric reserves are estimated at 14 million 
kW, but are mainly situated at great distances from 
centres of demand. At the end of 1950, the 
power supplies for public services totalled 1,882,000 kW, 
the hydraulic installations accounting for about 1,500,000 
kW. In addition to numerous small installations two 
large stations are in course of construction, both of 
which will be completed by the end of 1953, one at 
Forcacava for supplying the State of Rio de Janeiro, 
having an initial capacity of 330,000 kW and a final 
capacity of 900,000 kW, while the other is at Paulo 
Alfonso for supplying the States of Pernambuco, 
Bahia, Alagoas, and Sergipe, with an initial capacity of 
120,000 kW and a final capacity of 900,000 kW. 


Steel 

In steel, Brazil has already attained the highest pro- 
duction of any Latin-American country, and plans are in 
the course of execution for new plant which, in the 
course of the next three years, will raise the total 
production of rolled products to more than 1} million 
tons per annum. Such production in 1951 was slightly 
in excess of 700,000 tons, of which two-thirds was 
provided by the two main undertakings, the most 
important of which was the Companhia Nacional 
Sidertiigica, owning the works at Volta Redonda which is 
working on coke using, at present, 20°, national and 80°, 
imported coal. This plant is situated on the railway 
connecting Rio de Janeiro with Sao Paulo, the chief 
centres of steel demand. Building operations began 
in 1942, and production started at the end of 1946. 
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Extensions are planned to bring the output of crude 
steel up to | million tons in 1957. The pattern of 
production in 1951 was: 


tons 
Rails and accessories 42,000 
Angles and bars 78,000 
Heavy plate 46,000 
Sheet ‘ 133,000 
Tinplate .. 43,000 
Total 342,000 


The other large concern, the Companhia Sidertrgica 
Belgo-Mineiro, has works at Monlevade and Barbanson, 
with a combined production of some 172,000 tons of 
crude steel in 1951. 

Of the remaining steel plants, the Companhia Acos 
Especiales Itabira (A.C.E.S.1.T.A.), should be men- 
tioned ; it is designed for an output of 55,000 tons per 
annum of special steels, including stainless sheet, 
stainless bar, and other special steels. 

Various other plants are in course of erection, amongst 
which might be mentioned one for the manufacture of 
seamless tube in Belo Horizonte, with an initial capacity 
of 100,000 tons, and a final capacity of 500,000 tons 
yearly ; one of an initial capacity of about 250,000 tons of 
steel products in Sao Paulo ; and one of a similar capa- 
city in Santos. It is probable that the two latter will use 
coke, but the possibility of employing electricity, for 
at any rate part of the production, is not excluded. 


Chile 


From the economic standpoint, Chile is one of the 
most developed countries in South America, having 
reached an income of 200 dollars per head in 1948. Up 
to the year 1948, supplies of rolled steel were mostly 
imported, but from 1950, with the entry into production 
of the Huachipato works, domestic supplies increased 
considerably, and of the total consumption of about 
206,000 tons in 1951, about 113,000 tons were produced in 
the country and 93,000 tons imported. Santiago is the 
zone of highest consumption, and the demand there has 
been lately increased by the installation of numerous 
industries in the neighbourhood of the Huachipato plant. 


Ore 

It is difficult to arrive at a considered estimate of the 
quantity and quality of the total reserves, as although 
numerous fields are known to exist, few have been 
surveyed. In all probability the reserves having an iron 
content above 50%, exceed 300 million tons, but the 
principal deposits which have been examined for the 
purposes of export are in the northern part of the 
country near the coast, in the provinces of Antofagasta, 
Atacama and Coquimbo, of which the three at El Tofo, 
Romeral and Algarroba are the most important. El 
Tofo, in the province of Coquimbo, is the only field at 
present being worked, the mineral (except for a small 
proportion for supplying the two blast furnaces in the 
country) being exported to the United States. This 
field, which is the property of a French company, is 
worked by the Bethlehem Chile Iron Mines Co., but is 
approaching exhaustion, 40 million tons having been 
extracted since 1914, of which 97°, has been exported. 

El Romeral, which is the property of the Bethlehem 
Chile company, is situated about 35 miles to the south, 
and has reserves estimated at 20 million tons with an 
average analysis of Fe 63-25%. SiO, 5-24% and P 
"245°. Working will probably commence in 1953, as the 
work of installing fully mechanised equipment is well on 
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the way. Algarroba is further to the north than the two 
preceding fields. It is some 30 miles from the coast, and 
has reserves estimated at more than 100 million tons 
with an iron content exceeding 60°, and characteristics 
resembling somewhat the Swedish Kirunavara supplies. 


Coal 

The most important zone, both in respect of quantity 
and quality of the tertiary age, is on the eastern part of 
the Gulf of Arauco, the principal mines (which produce 
85°, of the coal mined in the country) being the Lota 
and the Schwager, both of which are characterised by 
submarine workings: it is estimated that the zone has 
reserves of at least 300 million tons. Production of 
these two mines during 1951 was about 2 million tons, 
but there are hopes that, with the assistance of finance 
from the Banco Internacional de Reconstruccién y 
Fomento, a plan for the complete mechanisation of both 
mines will be put into operation which will considerably 
increase production. 


Electricity 

Hydro-electric reserves are estimated at 10 million kW 
in the central and southern portions of the country, 
such reserves being almost non-existent in the north, a 
fact which obliges the mines in that region to rely upon 
thermal plants. The reserves of the central portion of 
the country, which is the most highly industrialised and 
most thickly populated, are estimated at 6 million kW, 
of which only 6°, is utilised. In the south, reserves are 
about 4 million kW, of which none is utilised. 


Steel 

The first blast furnace in the country was installed in 
1914 at the port of Corral, fuel being obtained from the 
surrounding forests, and reduction being on the Prud- 
homme system. This furnace is now worked by the 
Compania de Acera del Pacifico, the owners of the 
new Huachipato works. Production in 1951 reached 
20,000 tons of pig, working upon a mixture of char- 
coal with coke from the Huachipato plant. It is hoped 
to raise this production eventually to 29,000 tons per 
annum. 

The Huachipato works commenced production of pig 
and rolled products in 1950, using El Tafo mineral 
purchased from the Bethlehem Chile Company and as 
exported. The coke is produced from a mixture of 
American low-volatile coal with 64°, Lota and Schwager 


coals. Production during 1951 was: 
tons 
Bars, sections, wire, and strip 74,710 
Sheet and plate ‘ ‘ 51,590 
Total 126,300 


A plan of expansion is in course of execution which will 
increase the capacity of steel billets from the present 
180,000 tons to 280,000 tons per annum. 

Prior to this works going into production, four 
rolling mill plants were operating in the country. Of these, 
the one operating in Corral in conjunction with the old 
blast furnace has been closed down as uneconomic. In 
Santiago, three were in operation using the scrap 
available in the country, but, of these, one has now been 
closed down, while the other two have been expanded 
slightly. These latter are the Fabrica y Maestranzas del 
Ejército with a maximum capacity of 16,000 tons and 
producing 6,000 tons per annum, and Establecimientos 
Metalurgicos Indac with a capacity of some 24,000 tons 
and an actual production of 16,000, 
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TABLE Ili 


High Medium and Low and 
Approximate | Volatile High Volatile Medium 
| Group“ B” Group “A” Volatile 
Moisture 14% 14% 14% 
Volatile materials 35-42%, 28-35% 18-25% 
Fixed carbon 44-55%, 52-60% 66-76% 
Sulphur 0-7-1-6% O-7-1-6% 0-4-1-0% 
Calorific value .. 12,500-13,500 | 13,500-14,000 | 14,000—-15,000 
B.Th.U. B.Th.U. B.Th.U. 
Colombia 


While the industrial development of this country is 
much inferior to that of Brazil and Mexico, the average 
income is slightly higher, derived mainly from the con- 
siderable coffee exports. Imports of steel have fluctuated 
during post-war years between 100,000 and 160,000 tons 
of rolled products, and reached a maximum of 33 Ib. per 
head. This represents an appreciable increase on any 
previous period, although it is still low in comparison 
with other Latin-American countries. The centres of 


greatest consumption are Medellin, an important 
industrial town, and Bogota, the capital. 
Ore 


Various fields are known to exist, but those in Paz de 
Rio are the only ones on which precise information is 
available. The reserves there amount to 100 million tons, 
of which some 20 millions have been carefully surveyed, 
and give the following analysis: Fe 48-2%, P 1-2%, 
SiO, 8%, Calcining loss 11-6%. Adjacent is a group of 
small fields yielding supplies of good-quality low- 
phosphorus ore which can be used in conjunction with 
the high-phosphorus mineral of Paz de Rio for the 
production of foundry pig. Other important supplies 
are located in the region of Medellin, but the iron con- 
tent is only 35%. 


Coal 

The Servicio Geolégico Nacional gives a figure of 
12,000 million tons as the total coal reserves of the 
country: these are of varying quality but of good 
calorific value, some being suitable for the production of 
metallurgical coke. About 80% of these reserves is 
situated in the Cundinamarca and Boyaca departments, 
and annual production is at present only about | million 
tons. In the Paz de Rio zone, the reserves have been 
estimated to exceed 1,000 million tons. The coals are 
bituminous and are classified in three groups, high, 
medium and low-volatile, with analyses as shown in 
Table III. The coking properties of these fuels have 
been studied in Koppers ovens, and excellent metallurgi- 
cal cokes have been obtained by using suitable mixtures. 


Electricity 

Hydro-electric reserves are estimated at more than 
18 million kW, most of which are situated in the Depart- 
ment of Antiquia, where the industrial centre of Medellin 
is located. Reserves in Bogota, on the other hand, are 
both scarce and difficult. Based upon present knowledge, 
it would appear that the only prospect of utilising 
electrical energy in the future is limited to the Medellin 
zone. Power actually installed in the country for public 
use is about 33,000 kW, of which about one quarter is 
thermally generated. There is no national electrifi- 


cation plan in existence as yet for Colombia, the solution 
of the problems being left to the local authorities as they 
arise. 


Steel 
There is only one rolling mill in Medellin, whic, 


produces bar on a small scale, utilising scrap melted jp 
electric furnaces. Annual production has been running 
at the rate of about 4,000 tons, although the rolling 
capacity available is 15,000 tons, given sufficient supplies 
of scrap. There is in course of construction a works at 
Paz de Rio which will produce at its first stage about 
100,000 tons of rolled products, mostly bar and wire. 
simple sections, and rails up to 75 lb/yard. A second 
stage is under consideration for rolling sheet and plate. 
These works will be equipped with a blast furnace having 
a nominal capacity of 500 tons of pig per day. Thomas 
converters will be employed for steelmaking due to the 
phosphorus content of the ore. The plant has the 
advantage of being situated less than 30 miles from the 
supplies of the necessary raw materials although the 
situation is disadvantageous from the point of view of 
transport of the finished products. 


Mexico 

Amongst Latin-American countries, Mexico takes 
third place both in regard to steel production and 
population. Imports of rolled steel have fluctuated 
considerably during the post-war years, reaching a low 
point of some 170,000 tons in 1948 and 1949 while in 
1947 and 1951 they exceeded 300,000 tons. To these 
imports must be added the internal production of the 
two undertakings at Monterrey and Monclova, whose 
combined contribution was more than 300,000 tons, so 
that the total annual consumption of the country can be 
estimated at about 600,000 tons of rolled steel. 


Ore 

According to figures published by the Sociedad 
Méxicana de Geografia y Estatistica the national 
reserves of ore are of the order of some 230 million tons, 
distributed geographically in five groups. The North, 
which is actually in exploitation, supplies the two steel. 
works already mentioned, and is adjacent to coal 
supplies suitable for metallurgical coke. The most 
important field in the northern group is the Cerro del 
Mercado, with reserves estimated to exceed 50 million 
tons with an iron content of over 60% and with 0-30°, 
phosphorus. The Northern Pacific has reserves esti- 
mated at more than 47 million tons, the fields being 
generally situated near the coast, but lacking means of 
transport to the interior. The most important is El 
Volean with some 7 million tons of mineral having an iron 
content of more than 61%, but with high phosphorus. 
The Pacific Central group comprises the most important 
reserves, consisting of the Maney reserves of some 20 
million tons with an iron content exceeding 60°, and 
low phosphorus and sulphur, and the Aquilla reserves 
of more than 20 million tons of good quality mineral. 
Surveys of the Southern group are still very incomplete, 
although the most important deposits are those of 
Aaniza, estimated at 20 million tons. Finally, there is 
the Central group, made up of small fields, with reserves 
approximating to 6 to 8 million tons of good quality ore, 
and situated near to means of transport. 


Coal 

From the point of view of steel requirements, the most 
important area is that known as Cuenca de Sabinas, 
which is, up to the present, supplying the coking fuel 
requirements of the country. Reserves are estimated to 
exceed 1,000 million tons. The reserves of the rest of the 
country are difficult to assess as they have not been 
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thoroughly explored, and some extremely varied esti- 
mates have been made. The figures given in Table IV 
have been taken from a publication ‘‘ La Industria 
Siderirgica de México ” by a group of six engineers and 
economists. In Table V are given the average analyses 
of the Rosita and Palan coals which are obtained 
in the Sabinas zone. 


Flectricity 

Hydro-electric reserves of the country are estimated 
at about 13 million kW, of which 60°, is in the west and 
the remainder in the south ; the territory in which the 
main steel industry is located is poor in hydro-electric 
resources. In 1949, the installed capacity of the country 
was about 1-1 million kW, of which 520,000 kW was 
hydro-electric and the remainder thermal. Average 
consumption in that year was 45 kW per person. Pro- 
jects are under consideration for increasing the capacity 
by another million kilowatts in the next few years, but 
in view of the situation of the projected plants these will 
not make available any appreciable quantity of cheap 
electrical energy for the steel industry. 


Steel 

One of the most important steel undertakings is the 
Compania Fundidora de Hierro y Acero de Monterrey, 
§.A., which has been in production since 1903, and is 
situated in the north of the State of Nuevo Leon. There 
are two blast furnaces with a capacity of 290,000 tons 
of pig iron per annum and a steel works with a capacity 
of 180,000 tons of steel billets. The actual production is 
considerably under these tonnages, the figures for 1951 
having been less than 120,000 tons, made up as follows :— 


tons 
Plate and rails 22,200 
Bars and sections .. .. 80,000 
Chrome steel bars .. .. 1,700 
Bolts, nuts, ete. eae 3,000 


The second plant in order of importance is the Altos 
Hornos de México, S.A., situated in Monclova in the 
State of Coahuila, which only went into production in 
1945, attaining in 1951 a production of 


tons 

Sheet 13,700 


There are, in addition, numerous smaller rolling plants 
working both on scrap and imported sheet, which are 
situated in various parts of the country, grouped some- 
times near the sources of supply of raw material and 
sometimes near the centres of main demand. The most 
important are in the neighbourhood of Mexico D.F., but 
they are also to be found in the north near the frontier of 
Arizona, from which scrap is regularly imported. The 
total production of these plants, eombined with that of 
the two large undertakings previously mentioned, brings 
the figure for the entire production of the country to 
some 400,000 tons of finished products per annum. 

In this connection, mention may be made, in con- 
clusion, of the undertaking known as Hojalata y Lamina 
8.A., whose plant is also situated in Monterrey. This 
company is increasing its cold-rolling equipment to 
produce sheet, and in order to supplement its scarce 
supplies of scrap, it recently installed a tunnel oven for 
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TABLE IV.—RESERVES OF COAL IN MEXICO (THOUSANDS OF TONS) 


Sens Conservative Coking Maximum Coking 
Estimate Coal Estimate Coal 
1. Sabinas .. .. .. 1,000 1,000 1,300 1,300 
2. Lampacitos 260 260 
3. Esperanzas .. .. 160 200 100 
4. Gaitillite .. .. .. 165 80 200 100 
9 90 300 300 
7. San Patricio .. .. 1,000 
2,175 1,250) 3,260 1,800 
TABLE V.—ANALYSES OF ROSITA AND PALAN COALS 
Rosita | Palan 
| Crude Washed | Crude Washed 
Volatile% .. .. .. 21-5 24-5 «19-8 21-6 
Fixed carbon % ..  .. 50-4 60-5 54-5 61-2 
28-1 15-0 25-7 17-2 
Sulphar®% .. .. .. 1-0 0-8 1-25 1-0 


sponge iron with an annual capacity of 12,000 tons. The 
results obtained have been so good that a project is under 
consideration to increase this to 36,000 tons. This is 
believed to be the first steel plant in Latin-America 
producing sponge iron on an industrial scale. 


Peru 


Figures relating to average income and average steel 
consumption show Peru to be below the South-American 
average, the former being 100 dollars per head in 1949 
and the latter amounting only to 15 lb. per person. 
Rolled steel supplies in the past have all been imported, 
and such imports during the post-war years have 
fluctuated between 50,000 and 80,000 tons per annum. 
The greatest demand is in the coastal regions, especially 
in Lima. 


Ore 

The principal fields are those of Marcona in the Ica 
Department of the Province of Nasca, situated little 
more than 14 miles by road from the port of San Juan. 
A preliminary estimate gives reserves of anything 
between 40 million and 170 million tons of ore ready for 
working with an average iron content of 58% ‘with 
0-18%, phosphorus. The planned Peruvian steel 
industry is based upon the employment of this ore, 
which will probably also be exported to the western 
steel industry of the United States. 


Coal 

Reserves of coal have been estimated at more than 
1,000 million tons of all classes, ranging from the bitu- 
minous volatile to anthracite. Of the bituminous and 
semi-bituminous, of which some 170,000 tons were 
mined in 1950, the greater proportion has a high 
percentage of sulphur and requires preliminary washing. 
These supplies are situated in the mountains, and the 
resulting coke is almost exclusively used in the non- 
ferrous industries of the country. 

The anthracites of the Santa region are of very good 
quality, and are found at 5,000 feet above sea level, with 
easy access to the coast. Amongst these should be 
mentioned the Ancos, Galgada and Limejia anthracites, 
which have been well studied with a view to development 
on a large scale. Varieties existing in the region have 
been classified in five main groups giving the average 
analyses shown in Table VI. 

Various fields in the region are being worked, the coal 
being transported by rail to the port of Chimbote, a 
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FIG. VI.—ANALYSES UF PERU ANTHRACITES 


Anthracites*® Semi-anthracite: st 


Moisture % 1-0-3-5 2-5-4-0 

Fixed carbon 87-0-89-0 80 -0-85-0 

Ash % 4-0-9-0 6-0-10-0 
| 


* Includes the metra anthrac ites. 
+ Includes the semi-bituminous. 


distance of some 65 miles. Production of anthracite in 
1950 reached nearly 27,000 tons, but this coal is not 
suitable for coking except with an admixture of asphalt. 


Electricity 

Some estimates have placed the hydro-electric reserves 
of the country as high as 25 million kW, a considerable 
proportion of which is situated in the Amazons, and 
consequently far from the centres of demand. An 
enquiry conducted in 1942 by the Technical Service of 
the Ministry for Industry and Public Works quoted an 
installed capacity of 220,000 kW, of which 68°, was 
hydro-electric, this figure being increased to 250,000 kW 
by 1947, representing a little more than 30 watts per 
head. Since then, however, various additional plants 
have been installed, especially in Lima. Two hydro- 
electric plants are in course of construction each with 
an initial capacity of 54,000 kW, one of which will be 
situated some 27 miles from Lima, and the other, which 
is of greater importance for the steel industry, in the 
Santa region, and having a future planned capacity of up 
to 150,000 kW for supplying the necessary power for the 
Chimbote steel works. 


Steel 

Up to the present, no steel rolling plant is in existence, 
but a works is under construction for the production of 
53,000 tons of rolled products, of which 38,000 tons will 
be bar, sections, and wire, and the remaining 15,000 
tons plate. This plant will operate on the basis of 
electric reduction furnaces of the Tysland-Hole type, 
and electric furnaces will also be used in the steel works. 


Venezuela 
Imports of rolled steel into Venezuela have increased 
enormously during post-war years from a little more 
than 200,000 tons in 1946 to nearly 500,000 in 1949. A 
large percentage of these imports is represented by 
piping for use in the oil fields, which amounted in 1949 
to 260,000 tons. 


Ore 

Venezuela possesses large reserves of iron ore. Of the 
known fields, the best are situated close to the river 
Caroni, near its confluence with the Orinoco. Although 
it should be borne in mind that exploration for new 
fields is still continuing, the result of surveys up to the 
present indicates that in the case of high iron content 
(55-65°,) ores the surveyed reserves amount to 477 
million tons and the probable reserves to 670 million 
tons, whilst the figures for low iron content (40-55%), 
ores are 125 million tons for surveyed reserves, with 
possible reserves of 1,000 million tons. The most important 
fields are those of El Pao, estimated at around 70 million 
tons of ore of high iron content, these fields being actually 
worked for export; also the Cerro Bolivar field with 
reserves of 400 million tons which is just about to be 
exploited. There are other fields, such as those of Cerro 
San Isidro, situated near the Cerro Bolivar, with reserves 
partially estimated at 100 million tons, where no con- 
cession has yet been granted. 


Coal 

In consequence of the enormous oil riches of the 
country, little study has been made of coal supplies 
although in the central region the Naricual (State of 
Anzoategui) and Coro (State Falcon) have been partially 
surveyed. It is considered that in these two regions 
there are several hundred million tons of various grades 
of bituminous and semi-bituminous long-flame coal, but 
tests made on samples from both these fields show that 
they are not suitable for obtaining a good metallurgical 
coke unless mixed with imported coals. 


Electricity 

No reliable figures exist relating to hydro-electric 
reserves of the country. The Corporacién Venezolana de 
Fomento (a government body) is preparing an electrifi. 
cation plan which envisages the installation of some 
200,000 kW to be available in 1955. Apart from this 
plan, the installation of a hydro-electric station on the 
river Caroni, near the Orinoco, is being studied, to have 
an initial capacity of 50,000 kW which it is hoped will 
be increased subsequently, first to 200,000 kW, and then 
to 900,000 kW. As this zone is practically unpopulated 
and the energy will be produced adjacent to the iron ore 
fields, the possibility of its use for steel-making is obvious, 
The capacity installed for public services in the central 
region in 1948 was a little more than 75,000 kW of which 
about 70°, was taken by the city of Caracas. 


Steel 

At present there is only one small undertaking 
producing rolled constructional bar, employing an 
electric furnace and using for raw material scrap, of 
which there is an abundance available due to its export 
having been prohibited for many years. Production is 
of the order of 3,000 to 4,000 tons per annum. 

Although many projects have been studied for the 
opening up of a steel industry in Venezuela, it can be 
stated that no definite plan has yet been adopted. 
Amongst other possibilities, there is the reduction of ore 
by using excess gas from the Orientales oil fields; 
another solution envisages the use of energy from the 
river Caroni; the production of metallurgical coke from 
residual petroleum and natural asphalts; and, finally, 
the importation of as coal. 


W.H. A. Robertson’s Acquired by T.1. 


AGREEMENT has been reached, subject to the completion 
of formalities, for the acquisition by Tube Investments 
Ltd., of W. H. A. Robertson & Co., Ltd. Robertsons, with 
works at Bedford, specialise in the design and manufacture 
of rolling mills for all metals in the hot and cold states, 
ancillary rolling mill machinery, wire drawing machinery, 
tube manufacturing machinery, threading equipment and 
general engineering components. 

This acquisition represents a further expansion of the 
activities of Tube Investments Ltd. into the field of 
capital equipment manufacture. Like all T.I. subsidiary 
companies, Robertsons will continue to operate as a 
separate entity. 


Change of Address 


British Insulated Callender’s Cables, Ltd., announce 
that the address of their Exeter Branch Office is now: 
40, Whipton Village Road, Whipton, Exeter. (Tel.: 
Exeter 67308). 
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Metal Casting Methods 


ViI—Moulding Sands and Pattern Production 
By J. B. McIntyre, M.Sc., A.I.M. 


Senior Lecturer, The National Foundry College, Wolverhampton 


Continuing this series of articles on metal casting methods, the author begins his treat- 


ment of sand casting methods by reference to moulding sands and their properties, and 
following a description of the sand-cement moulding technique, he discusses patterns 
and their production. 


methods used for the production of shaped 

castings. The process consists essentially in 
pouring molten metal or alloy into a previously prepared 
mould cavity. The liquid metallic material is then 
allowed to solidify and the casting afterwards cleaned 
and fettled. The sand casting technique may be con- 
veniently considered in four main sections : (a) pattern 
equipment, (b) mould materials, (c) mould production, 
and (d) finishing. 


ik E sand casting process is the most flexible of all 


Moulding Sands 


Sand is the most commonly used moulding material, 
and may be simply regarded as a substance composed of 
many individual grains bonded with a suitable material : 
the granular material is usually silica and the bonding 
agent may be a clay. Alternatives to both are available 
though they are not used to any large extent. A variety 
of moulding materials have been used for special 
purposes, including alumina, olivine, metal grit and 
plaster. Special-purpose binding agents include syn- 
thetic resins and Portland cement. Clay-bonded silica 
sand remains the most commonly used moulding 
material, however. 


All natural moulding sands are of an extremely varied 
character, and tend to have specific properties. 
Foundrymen have long associated such features as 
mechanical strength, refractoriness, permeability and 
good stripping qualities with sands obtained from one 
district or another. All the desirable features mentioned 
are not found in a single sand deposit, and a compromise 
is usually necessary. Moulding sands are rather complex 
materials, but can be regarded as consisting of silica 
grains of varied size, each coated with a thin layer of 
bonding material, thus enabling the grains to adhere to 
one another, and the mass to be worked into shape by 
suitable methods. There are very many types of 
moulding sand occurring naturally in various parts of 
the world, and the application of each is controlled by 
cost—particularly freight charges—and the physical 
characteristics of the sand itself. The sand casting field 
may be divided into two main sections, in which green- 
sand and dry-sand moulding techniques are used 
respectively. Green-sand methods are most common, 
and are cheaper and more flexible than dry methods. 
As the name implies, green-sand moulds are used in the 
freshly moulded condition without subsequent treatment. 
Dry-sand moulds, on the other hand, are subjected to a 
drying process before use. The raw material for both 
types of mould is essentially the same. 
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Courtesy cf Devid Brewn Foundries Company 


Steel casting for engine cylinder head cast in sand-cement 
mould. 


Properties Required 

The principal requirements of any moulding sand may 
be briefly summarised in the following manner :— 

(1) The strength in both the green and dry states 

should be reasonably high. 

(2) The permeability, or ability to pass gases with a 
minimum of resistance, should be as high as is 
thought necessary. 

(3) The clay and moisture contents should be as low 
as possible, consis‘ent with (1) and (2). 

The clay content, when combined with water, gives 
the bonding property so essential to the production of 
intricately shaped moulds. The presence of clay lowers 
the refractoriness or resistance to elevated temperature 
of the sand concerned, and this can be important when 
alloys such as steel, cast iron, aluminium bronze or 
Monel are cast. Excessive clay content may apparently 
improve the moulding properties, but is generally not 
desirable. Excessive moisture is also undesirable, as 
practically all the water near the mould face may be 
rapidly changed into steam, and this is liable to cause 
defects in the casting. Furthermore, both high clay and 
high moisture values cause the sand to be easily deformed 
by metal pressure. 

Grain size, shape and distribution exert a major 
influence upon the physical properties of any given type 
of moulding sand. Fine-grained and relatively coarse- 
grained materials are available for special purposes, but 
most foundry sands cover a range of grain sizes. Certain 
foundry properties, notably permeability, can be 
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Sand-cement mould for marine propeller. 


modified by suitable treatment should this prove 
necessary. 
Addition Agents 


The most desirable property of a moulding sand, that 
of assisting the production of clean, sound castings, is 
normally promoted by the addition of various sub- 
stances. Limited additions of pitch, coal-dust or 
machine oil can be made to sands intended for mould 
production in cast-iron foundries, whilst boric acid and 
sulphur are frequently added to moulding sands which 
are used for magnesium alloy casting production. Such 
additions can be milled into the sand, or confined to the 
sand normally placed adjacent to the pattern. Refrac- 
tory paints or washes, consisting of graphite, silica flour, 
zircon or alumina, suspended in a suitable vehicle, may 
be applied to sand moulds when ramming is completed. 
These facing materials, as they are known, may also be 
applied in the dry state if this is preferable. Mould 
facings are normally added to promote good casting 
surface finish. The latter may not otherwise be obtained 
if ordinary moulding sand of higher moisture content, 
lower refractoriness, or a more reactive character is 
exclusively used for mould production. Since it is the 
mould face which determines casting quality, there is 
no objection to the use of ordinary moulding sand as a 
backing or support for the higher grade material. 

The advantages of dry-sand moulds are well 
established, and some of these can be realised if skin- 
drying techniques are used. The latter may involve 
short-cycle treatment in continuous drying stoves, or 
the application of a gas-torch flame. Alternatively, a 
volatile liquid can be sprayed on the mould faces and 
subsequently ignited. Skin drying is appreciably cheaper 
than complete drying. but moulds treated in this way 
require to be assembled and cast fairly quickly since it 
is possible for moisture to migrate towards the mould 
face if sufficient time is allowed. Dry-sand moulds, 
therefore, have much better storage properties than 
have the skin-dried variety. The shell moulding process 
appears to combine the best features of both green-sand 
and dry-sand techniques. 


Sand-Cement Moulds 


Almost half a century ago, Moldenke investigated 
cement-bonded sands and proposed that they should be 
used for moulding purposes. Little progress was made, 
however, until about 1930, when the Randupson 


Courtesy of Manganese Bronze and Brass Co., Ltd. 


techniques were developed on the Continent. Sand-cement 
mould production has several characteristics which 
distinguish it from orthodox foundry practice, and 
workers accustomed to the latter are liable to have 
difficulty when called upon to adopt the new techniques, 
A separate foundry building may be needed, and new 
personnel may be required, if sand-cement moulding 
methods are to be successfully introduced. Such 
techniques are mainly used in the field previously 
occupied by dry-sand moulds or by loam moulds, and 
are not normally competitive with the well established 
green-sand production methods. Cement-bonded sands 
now find application in the production of a range of both 
ferrous and non-ferrous castings. 

The moulding material is normal silica sand bonded 
with cement and water. Ordinary Portland cement may 
be used, provided that the setting time is high enough 
for practical purposes. The useful properties of a sand- 
cement mixture suitable for mould production are 
profoundly influenced by the setting time of the cement 
bonding agent used. Moisture content is also very 
important, since both strength and permeability are 
affected by this factor. A maximum of 10% of cement 
will suffice for general purposes and the moisture content 
will normally be equal to the cement content of the 
mixture. Many types of sand have been used, and 
practically any clay-free sand of reasonable average 
grain size can be used for sand-cement mixtures. A 
Southport silica sand, with 10°, cement, and 10°, 
moisture, might have a 200 lb. compression strength, 
a 25 lb. tensile strength, and a permeability of 140. 

The raw materials are mixed in a mill capable of rapid 
batch operation. Simpson type mills have been used for 
general work, and specially designed units are in use for 
the rapid mixing of comparatively large batches, such 
as are needed for marine propeller production. The 
sand-cement mixture has no appreciable green bond, 
and must be treated somewhat like loam. The flowability 
of the mixture is very high, and ramming is, therefore, a 
comparatively simple operation which does not require 
the skill demanded in the production of large moulds in 
clay-bonded sand. Riser cavities require support 
during the drying process, and clay-bonded sand can be 
used for this purpose : small moulds must be supported 
until drying is completed. Large moulds are normally 
made without the aid of orthodox moulding boxes, and 


Courtesy of Alfred Herbert, Ltd. 
Machining a large metal corebox on a Keller type BGI 
automatic machine. The box is 4 ft. 6 in. x 2 ft. 6 in. 
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some type of internal reinforcement is usually needed. 
The latter is generally of the most simple character, and 
steel rod assemblies of the type widely used in reinforced 
concrete work can be applied. Facing sand and backing 
sand are generally prepared separately, the former being 
made of new sand and cement, while the backing 
mixture is essentially used sand-cement material which 
has been passed through a hammer mill, and screened 
after the metallics have been removed : the appropriate 
amount of new cement and water is then added. In 
isolated cases, when moulding boxes have been available, 
a rigid sand-cement facing has been made, and dry 
silica sand used as a backing material. Little sleeking or 
smoothing of the mould faces is required, nor is it neces- 
sary to reinforce the latter with nails, as is sometimes 
the case when clay-bonded sands are used. When 
metal moulding boxes are not used, accurate mould part 
location is obtained by appropriate modification of 
pattern design. Large moulds may be produced in 
sections from coreboxes, or by a combination of strickles 
and wooden shuttering. Jolt-rollover units can be used 
for machine moulding. 


After moulding, the mould parts are stored in order to 
promote hardening. The initial setting phase is most 
important, and should take place at room temperature 
for approximately 24 hours. When hydration is com- 
pleted, the hardened mould parts may be heated to 
increase the rate of moisture extraction. Portable 
mould dryers or ordinary stoves may be used, and an 
average temperature for this purpose is 400° F. Alter- 
natively, the mould parts can be stored for periods up to 
72 hours at room temperature : maximum mould drying 
efficiency is readily obtained by adequate shop ventila- 
tion. Dried moulds can be coated with blacking or 
similar facing material if desired, and may be stored 
indefinitely if necessary. In the event of an emergency 
in the melting or casting sections, the storage properties 
of cement bonded materials are very useful. Sand- 
cement mixtures are no less refractory than normal dry- 
sand materials, but in the processing of high melting 
alloys such as steel, fireclay runner tubes are often 
incorporated in the mould assembly in order to reduce 
the risk of erosion during casting. Despite the excellent 
strength of the dried sand-cement material, there is 
little danger of cracks or hot tears due to restricted 


Pattern for small steel casting, mounted on board and 
showing running and feeding system added after 
experiment. 
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Courtesy of Jarrow Metal Industries Lid., 


Skeleton pattern for turbo-generator inlet casing. 


contraction, as the castings cool within the mould 
assembly. Distortion is seldom encountered, but the 
so-called “standard” contraction allowances may 
require modification. Sand-cement mould production 
is not unskilled, but provides more latitude in mould 
production costs. 


Pattern Production 


The external shape of castings is determined by the 
pattern, and the dimensions are also fixed in this way. 
Since the metallic material used for the casting suffers 
a reduction in volume during solidification, appropriate 
allowance must be made on the pattern equipment in 
order to produce components which are dimensionally 
accurate when completed. So-called contraction allow- 
ances for standard alloys are available, but cannot be 
strictly applied, since casting design and size will exert 
a marked influence in this matter. Experience is of 
great importance in the production of castings to close 
limits. 

Sand-cores are frequently used to impart external or 


internal detail which may not otherwise be easily. 


produced when ordinary pattern equipment is used. 
Recesses, or under-cut, or deep holes of comparatively 
small diameter, are often more conveniently formed by 
the use of cores. 

Patterns are of various types and are generally made 
of wood or metal, though a limited number of other 
materials, such as loam, plaster, hard rubber, wax and 
plastic is used. The requirements of any pattern may 
be briefly summarised in the following manner. It 
should be cheap, light, strong and resistant to wear and 
moisture. The first factor is frequently over-estimated, 
and a nominally cheap pattern may prove expensive if 
it deteriorates rapidly in storage or service. Pattern 
costs should be carefully analysed, and, in principle, the 
pattern used should be as well constructed and perma- 
nent as possible. 

Lightness is always of value, and when combined with 
the other valuable properties which wood exhibits, 
indicates the reason for the popularity of wooden 
patterns. The timbers chosen for patterns in pattern- 
shop practice are mainly soft wood, though hard woods 
often find considerable application wherever the differ- 
ence in cost is justified. Yellow pine is the most 
commonly used soft wood, and is quite efficient for most 
patterns, provided it is adequately seasoned before use. 
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Cope and drag equipment for malleable iron castings. 


Relatively expensive patterns of various sizes are made 
from mahogany. The wear resistance and storage 
properties of mahogany are superior to those of yellow 
pine, but cost is the deciding factor in all cases. 


Metal Patterns 

When very large numbers of castings of a single type 
are required, metal patterns are generally used, since 
the wearing and storage properties of the alloys used for 
this purpose are superior to those of wooden patterns. 
Special patterns for the production of thin castings of 
fairly large surface area are preferably made in metal in 
order to preserve the rigidity and freedom from warping 
which is essential. Most metallic materials, ranging 
from cast-iron to frozen mercury, have been used for 
pattern construction, and the alloy chosen is usually 
that which will give the combination of properties 
required. Weight, abrasion resistance, and machina- 
bility are the main factors to be considered. 

Though the surface finish of castings produced from 
metal equipment is superior to that obtained from 
wooden patterns, the finish obtained is primarily 
dependent upon the alloy chosen. Cast-iron is probably 
the best material for this purpose, and brass is almost as 
good. These alloys are comparatively heavy, but this 
is not a great disadvantage in machine moulding practice, 
where they find most application. Each of these 
materials is readily machinable, though cast-iron has 
superior resistance to scratching and indentation. The 
light alloys are limited in this respect, though their 
other advantages render them attractive for pattern 
production. The comparatively easily melted and cast 
white metals find little application, except for master- 
patterns and, occasionally, for emergency purposes. 
Metal patterns are normally restricted to the production 
of smaller castings which are required in relatively large 
numbers. Single castings of large dimensions may 
sometimes be produced by using as a pattern an existing 
casting which has failed in service: this is frequently 
done in marine repair work. Skeleton patterns may be 
used where this is economical. 


Influence of Moulding Technique on Pattern Design 


Patterns may be either solid or jointed, and the precise 
construction used will depend upon the circumstances. 
The most important feature is whether or not the 
pattern construction facilitates the moulding operation. 
Simple shapes can be produced with the aid of solid or 
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so-called block patterns, though this construction jg 
generally restricted to relatively small sizes. Jointed 
patterns are designed to allow the various mould parts 
to be separated, and to permit the pattern to be readily 
withdrawn without damage to the mould : all patterns 
should be provided with sufficient taper for this purpose, 
The joints in the pattern will usually coincide with thos: 
in the mould, though this is not always the case, 
Jointing should be restricted as much as possible in 
order to restrict the possibility of shifts or mis-matching, 
An excessive number of joints can sometimes be avoided 
by the use of loose pieces and cores. It is advisable to 
adhere to certain principles when pattern design jg 
considered : these are usually associated with the 
running method chosen. Since it is generally easier to 
lift the pattern from the mould than the mould from the 
pattern it is usually convenient to arrange the pattern 
design so that most of the detail is moulded in the drag, 
or bottom, half of the job. Similarly, the well-known 
tendency for dross to rise to the surface of liquid metal 
indicates the value of moulding methods which will 
allow important surfaces, intended for machining, to 
be produced in the inverted position. If the general 
contour of the pattern is tapered, and other factors are 
favourable, then efficient feeding in the casting is 
promoted by placing the smaller end of the pattern in the 
drag half of the mould. 

Two main types of pattern are used for production 

moulding :— 

(a) Match Plate Pattern Equipment. This is a pattern 
plate bearing a part of the pattern on either side. 
Such equipment may be cast into shape, or half 
patterns may be mounted on a suitable plate. 

(b) Cope and Drag Equipment. Equipment of this 
type is well adapted for quantity production. 
Twin pattern plates are used, each bearing a 
half-pattern. The mould partings are formed by 
the pattern plates. 


Increased Attendance at Exhibition 


THE 19th Engineering, Marine and Welding Exhibition 
and The Chemical Plant Exhibition, which closed on 
September 17th, attracted 50°, more visitors than that 
held two years ago. As a very high proportion of the 
visitors to the Exhibition were either potential pur- 
chasers or persons directly connected with the engineer- 
ing industry, this very large increase was most encourag- 
ing to exhibitors. Reports from exhibitors indicated 
that the majority were more than satisfied at the number 
of serious enquiries received. Heads of business 
organisations as far aficld as the U.S.A. and New Zealand 
made special journeys to London to visit the Exhibition, 
and it is known that prospective purchasers from at least 
60 overseas countries attended. 


Continuous Casting of Steel 


CAMPBELL, GirrorpD & Morton, Lrp., of 17, Victoria 
Street, London, 8.W.1., have been appointed consulting 
engineers for a plant for the continuous casting 
of steel, which is being installed in Sheffield by a group 
of steelmakers who are members of the British Iron & 
Steel Research Association. The plant is to be in the 
works of one of the members of this group, William 
Jessop & Sons, Ltd. 
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Carbon in the Engineering and 
Metallurgical Industries 
[1I—Industrial Graphites, Diamonds and Special Mixtures 


By V. S. Kingswood, M.Sc., B.Sc., F.I.M. 


Deputy Head of the Metallurgy Department, Battersea Polytechnic. 


Following his treatment of industrial carbons in the preceding article of this series, the 
author proceeds to deal with industrial graphites, industrial diamonds, and special 
mixtures. The latter include clay-graphite mixtures (plumbago), silicon carbide, graphite- 
metal powder compacts, and porous and impervious grades of carbon and graphite. 


INDUSTRIAL GRAPHITES 


HE raw materials are substantially the same as 
y those used for the manufacture of industrial 

carbons, since graphite products as used in 
industry may be divided broadly into two classes. 
Firstly, there are the graphitic carbons, which are 
mixtures similar to those enumerated in the previous 
article but containing a proportion of natural or electro- 
graphites. Strictly speaking, these materials should be 
termed “* carbons,” since the stages of manufacture are 
very similar to those used for all-carbon products. 

True electrographites are specimens which are made 
as ‘‘ amorphous ” carbons or graphitic carbons, but are 
given a final very high temperature treatment (called 
electrographitising) to transform microcrystalline carbon 
(‘amorphous ’’) into crystalline artificial graphite. 
This treatment alters many of the physical and mechani- 
cal properties to a very marked degree. The resulting 
properties may be controlled by the constitution of the 
mixture and the time and temperature in the 
graphitising furnace. 


The Electrographitising Process 


Since Acheson, in 1896, whilst making silicon carbide, 
discovered that graphite could be produced by heating 
carbon to a very high temperature in the presence of 
various catalytic oxides (and other compounds), this 
process has altered very little in principle over the past 
50 years. 

The furnace is a rectangular firebrick construction 
with no roof. It may be about 30 ft. long, 3-6 ft. wide, 
and 3—4 ft. in height. In each end wall is situated a 
terminal block which consists of large water-cooled 
copper plates for leading the current through the 
furnace charge. 

The kilned carbon pieces to be graphitised have 
usually been made from coke (petroleum or metallurgical) 
and pitch mixtures, and these are arranged in the 
graphitising furnace between the terminal blocks, and 
are well packed with crushed petroleum coke underneath, 
around and above the individual carbon pieces. For 
heat insulation, and for condensation of volatile distilla- 
tion products, a substantial thickness of the packing 
powder is used against the side walis and as a blanket 
over the carbon pieces. 

The charge is heated slowly to a temperature in the 
range 2,200-2,700° C. using a current of about 6,000- 
10,000 amps at 100-230 volts. Pyrometric control 
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ceases at about 1,500° C. and thereafter the furnace is 
regulated entirely by power input. The graphitising 
cycle comprises approximately I-2 days loading, 3-6 
days heating to temperature (including about 12 hours 
at temperature), 7-12 days cooling, and 1-2 days 
unloading. 

To facilitate unloading, one side wall is usually taken 
down, and is rebuilt later for the next charge. 

The theory underlying the production of graphite by 
this process is that carbides are formed at high tempera- 
ture by reaction of the amorphous carbon and the 
metallic and siliceous oxides present as impurities in the 
charge. At some higher temperatures, these carbides 
decompose to give the vapour of the metals or metalloids 
and a deposit of graphite. The condensed metal vapours 
may then form carbides again and the process repeats 
itself. It is fairly certain that silica (among the other 
oxides present such as Fe,OQ,, Al,O,, and MgO) reacts in 
this fashion to form both the carbide (carborundum) and 
oxycarbides of the siloxicon type’. (Si,C,O, where 
x = 2, usually). Saunders? has stated that the dissocia- 
tion temperature of silicon carbide to give silicon vapour 
and graphite according to the reaction SiC = Si + C 
is 2,240 + 5°C. 

This high temperature reduction of metal oxides with 
subsequent vaporisation of the metal gives the electro- 
graphitic product a very high purity, with ash contents 
of the order of 0-03-1-0°,, compared with 1-0-10% 
for amorphous carbons. 

Types of Product 

With regard to shape, the types of product may be 
very similar to the “‘ amorphous ” carbon varieties from 
which they are so often produced, but the ease of machin- 
ing electrographite enables complicated specimens to be 
made to closer tolerances than is possible by moulding 
and graphitising, owing to the shrinkage which occurs 
in kilning and a further contraction on graphitising. 

Applications of electrographitic products are probably 
more extensive than is the case with the carbons, since 
greater purity, high electrical and thermal conductivity, 
low friction against metal surfaces and ease of machining, 
enable components to be fabricated for use in the 
chemical, metallurgical, electrical and mechanical 
engineering fields, depending on the specific properties 
required in the plant under consideration. 

Thus, we have graphite electrodes (of high purity) 
for electrolytic processes and for arc-type steel melting 
furnaces (to give heavier electrical loading for a given 
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and vertical models for zine oxide manufacture 
desilverising pots used for distilling zinc crusts from 
lead refining; brazing pans widely used in the cyele. 
making industries ; stoppers and nozzles for steel ladles - 
and, in the foundry, sundry pieces of equipment such ag 
stirrers, skimmers, plunger-mixers (for adding addi. 
tional elements or deoxidisers to a melt), and pyrometer 
sheaths. 

In all cases, a high degree of refractoriness is obtained 
without the rapid deterioration of the carbon due to fof 
oxidising atmospheres which would occur with all. px! 
carbon refractories. The clay binds the graphite gw 
particles into a strong mass after kilning, and in service S10 i 
gives protection (by glazing) against oxidation, which 
would normally commence at about 500°C. In this 
respect, aluminium melting gives a relatively short 


diameter of electrode) ; tubes and plates for heat transfer 
applications in the chemical industry ; tubes, boats and 
powder in the metal carbides industry; graphite or 
graphite-metal compacts (made by powder metallurgy 
techniques) for bearings ; and graphite powder, paste or 
grease as a lubricant in engineering applications ; to 
quote but a few. For research work on melting point 
determinations, and for melting precious metal alloys, 
ete., graphite crucibles may be used. Similarly, graphite 
moulds have a special limited application. 

In the electrical brush industry, some brushes are 
completely electrographitic, but owing to the small 
degree of wear resistance offered by this material its life 
is short. Nevertheless, a mixture of electrographite and 
carbon, proportioned to give the optimum properties of 
electrical conductivity and abrasion resistance, is the 


Carbon 
Sin. 

10-141 
17-241 
3040 


Carbon | 
4x4 


Carbon 
Depen 
Graphite 
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6-121 


basis of the many brush compositions available. 

Tables I and II illustrate the comparative physical 
and mechanical properties of the various manufactured 
grades of carbon and graphite. 


INDUSTRIAL DIAMONDS 


Industrial diamonds are usually natural products, 
because the synthetic stones are most difficult and 
costly to produce as specimens of workable size. 
Diamond mines are found in many parts of the world 


and are usually associated with “blue earth” of 


voleanic origin. Washing and tabling of this “ earth ” 
separates the diamonds from gangue minerals. 


There appear to be three varieties of diamond, of 


which two are used industrially: (1) the transparent 
crystalline gem variety ; (2) “ bort or boart,” an impure 
variety of (1); and (3) “ carbonado,” which is an 
impure aggregate of small opaque crystals in a rocklike 
mass. 

Borts are widely used for tipping rock drills, saws 
and machine tools, and for the manufacture of drawing 
dies, whereas carbonados are mainly used in crushed 
form for abrasive wheels, and as dust for polishing 
tungsten carbide tools and for drilling diamonds (borts) 
for drawing die production. 


SPECIAL MIXTURES 


In addition to the mixtures of carbonaceous material 
so far discussed, there are certain other mixtures of 
carbon (in some form) with non-carbonaceous materials. 
The most important in the opinion of the author are : 
(a) clay—natural graphite mixtures known industrially 
as “ plumbago”’; (6) silicon carbide ; and (c) powder 
metallurgical mixtures of carbon and/or graphite with 
various metals. A brief account of each is given below. 


(a) Clay-Graphite Mixtures 


The proportions of natural graphite, fireclay, sand or 
grog (crushed and ground plumbago or silicon carbide 
material) which enter into the mixture vary widely 
with the application. Thus, for greatest refractoriness 
as much as 75%, graphite may be present but the 
article is then mechanically weak ; on the other hand, 
if only 10°, graphite is present very little improvement 
on the refractory or mechanical properties of the fireclay 
is obtained. 

All plumbago applications are in the refractories 
field, and the greatest tonnage output is for crucibles for 
melting non-ferrous and ferrous metals and _ alloys. 
Other applications include horizontal retorts for zinc 
extraction by the distillation process; similar retorts 


crucible life, owing to the low operating temperature 
being insufficient to bring about glazing of the clay. 
A synthetic glaze on the outside of the article delays 
oxidation still further by its protective nature. The 
graphite content of the mixture gives increased refrac. 
toriness and heat transfer from the flame to the metal 
contents (in the case of crucibles). 

Depending on the application, use is made of either 
moulding or extrusion for the shaping process, but it 
must be borne in mind that the graphite flakes in the 
mixture (equally true for carbon mixtures containing 
flake graphite) tend to align themselves in plates 
perpendicular to the moulding pressure or parallel to the 
extrusion pressure. This effect may give quite different 
physical and mechanical properties to the product. 


In considering crucible manufacture as an important 
example, it will be seen that both granular (Ceylon) 
graphite and flake (Madagascar) graphite of about 
85-90°,, carbon content® are frequently present in the 
mixture together with dried fireclay. The correct 
proportion of materials, size-graded to give optimum 
packing density, is then fed into mixers or pug mills 
with just sufficient water to give plasticity. When 
thoroughly kneaded and de-aired, the mixture is left to 
stand for several weeks covered with wet sacking to 
“cure.” When used, a ball of the clay mixture is 
thrown into a verticle crucible mould (in two vertical 
halves) standing on a potters’ wheel. A shaped wooden 
jigger on a vertical shaft is lowered into the mould and 
presses on the dise of clay mixture at the bottom. This 
stationary pressure and the revolution of the mould and 
contents has the effect of squeezing the mixture up the 
mould walls. The size and shape of the jigger thus 
determines the bottom and wall thickness of the crucible 
so formed. The top edge of the crucible is then 
smoothed and the pouring lip cut by hand. The moulds 
are often made of plaster of Paris, which helps the 
crucible to dry off and so harden: this may occupy 4 
few days, during which time the crucible stays in its 
mould. After dismantling the mould, the crucible is air 
dried for 2-3 weeks, then at 150°C. for 3-5 days and 
finally kilned in muffle or tunnel kilns after immersion 
in a liquid glazing solution. The firing temperature is 
about 900-1,000° C., and the kilning cycle may be 14 
days in periodic kilns, or 24-36 hours in tunnel kilns. 
Gradual heating at all stages is imperative for the slow 
elimination of moisture, and slow cooling to prevent 
contraction stresses or even cracking. 

In the moulding process described, provision may be 
made in manipulation of the ball of clay-graphite 
mixture to ensure that the graphite flakes lie at right 
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I.—PHYSICAL CHARACTERISTICS OF CARBON AND GRAPHITE PRODUCTS, 


Carbon Cylinders 
Sin. dia. 
10-]4in. dia. ine. 
17-24 in. dia. ine. 
30-40 in. dia. ine. 


Carbon Blocks 
4 x 4in. to 6 « 6in. ine. 
6 x 6in, to 20 x 20in. ine. 
15 x 30, 24 x 30 and 24in. sq. 


Carbon 
}Hin. D. ine. 
5-10 in. . D. ine. 


Carbon Brick 
Dependent on Application 


Graphite Cylinders 
To 5}in. dia. ine. 
6-12 in. dia. ine. 
.. 
16 and dia. 
20 in. dia. 


Graphite Squares and Slabs 
To 5in. thick ine. 
Gin. thick to 144 8q. in 


(iraphite Tubes 
Over 44 sq. in. section .. 
j-4in. L. D. ine. 
5-lo in, I. D. ine. 


Graphite Brick, Standard Sizes 


“ Karbate” No. (Impervious Carbon) 
Tubes in. I. D. ine. 
Over 2in. I. oe 

“ Karbate” 2 (Impervi ious Graphite) 
Tubes }-2in. I. D. ine. ° . we 
Over 2 in. 1. es 


“Oarboe ell” (Porous Carbon) 
Grade C (Finest) 
Grade 60 
Grade 50 
Grade 40 
Grade 30 
Grade 20 
Grade 10 


boy ell” (Porous Graphite ) 
Grade 60 
Grade 50 
Grade 40 
Grade 30 
Grade 20 
Grade 10 


Apparent 


Density 


o 


Elastic 
Strength Ib./sq.in. Modulus 
Ib. /sq.in. 
Tensile Transverse ‘by 10" 
660 2,920 1,320 5-5 
470 2,120 950 5-4 
400 2,200 790 5-4 
400 1,910 810 4°3 
840 4,100 1,670 9-4 
500 2,140 990 7-1 
400 1,910 810 4-3 
885 10,200 2,700 21-0 
8,140 2,550 17-0 
970-1,530 | 5,340-8,320 | 1,950-3,070 8-9-10-3 
760 3,050 1,750 8-8 
610 3,420 1,810 8-0 
580 3,180 1,490 6-7 
500 3,180 1,490 6-7 
440 3,180 1,490 6-7 
700 3,050 1,750 8-8 
700 1,810 
570 1,490 6-7 
780 4, 2,820 14-0 
870 5, low 2,980 13-0 
3,050 1,750 8-8 
1,700 10,500 4,170 29-0 
2,000 10,500 4,640 26-0 
2,600 8,900 4,650 23-0 
2,350 10,500 4,980 21-0 
500 1,530 2,700 >1-2 
190 600 850 >1-2 
180 500 830 
120 320 900 1-2 
100 250 770 >1-2 
90 240 700 >1-3 
80 160 300 >1-2 
600 1,080 1,680 _ 
110 250 500 - 
110 250 500 — 
100 190 500 — 
200 520 
60 140 310 — 
| 140 270 


K Thermal 
Specific Conduc- 
Resistance tivity 
ohm./eu. in. Note) B.th.u. The. / 
sq. ft./°F /ft. 
0-0013 13 6-0 
0-0013 12 6-0 
0-0014 13 6-0 
0-0026 12 6-0 
0-0018 14 4-0 
0-0016 15 4-0 
0- 0026 12 4-0 
0-0014 15 3-0 
0-0016 21 3-0 
0 -0015- 13-14 3-0 
0-0016 
0-00036 5-12 84-0 
0-00037 6-12 79-0 
0-00039 8-12 70-0 
0-00040 8-12 
0-00040 8-12 
0-00036 5-12 4-0 
0-Q0037 6-12 84-0 
0-00039 8-12 79-0 
0-00038 12 4-0 
00-0008 12 84-0 
0-00036 5-12 84-0 
0-00164 27 3-0 
00-0016 33 
0-00034 23 85-0 
0-00033 24 75-0 
0-0020 6 3-0 
0-0070 27 1-5 
0-0070 27 1-4 
0-0057 27 1-0 
00-0070 27 1-0 
0-0070 27 1-0 
0-0080 27 1-0 
0-00045 6 69-0 
0-0012 21 50-0 
0-0012 21 45-0 
00-0013 21 45-0 
00-0017 21 40-0 
0-0020 21 30-0 
00-0020 | 22 20-0 


Carbon and graphite products areresistant to most acids and alkalies. 


NOTE : Coefficient of Thermal Expansion per Degree: To Temperature t 


TABLE Il'°—COMPARATIVE PROPERTIES OF 


°F. 


42% Al,O, FIREBRICK AND 


=[K + 0-0039 t(°F.)] 10°7; to Temperature t° C, = [1-8 K + 0-007 t 10°, 


BRITISH CARBON BRICKS. 


Test 


Firebrick 


| 


Carbon brick 


i, After Contraction. Permanent volume shrinkage on reheating in service, 
especially if to a — hgancumaye than that used for es? in 


manufacture 
2. Thermal Conductivity. B.th. u./sq. ft. 


5. Effect of Molten and Solidified Iron. Saturated with carbon 


4.Chemical Attack by Slags, Air, ete. 


5. Crushing Strength (Cold) (\b./sq. in.) 


6. Refractoriness under Load. (Usually the SiC or r fused Aly Os Hoang pillars 


fail first when carbon is tested). . 


7. Carbon Monoride Disintegration. Howie and Mackenzie™ have shown 


that the CO effect on industrial carbon bricks is negligible 


8. Porosity % 


9. Bulk Density or Apparent Specific a g./e.c. .. 


10. Permeability. ¢.g.s. units 
ll. Coefficient of Thermal Expansion. 20-1 
12. True Specific Gravity 


1-0% after 2 hr. at 1,500° C., but might 
become 7-8% after many months of ser- 
vice when vitrified. 

Firm adhesion 

Reactions with most slags and with 
alkalisgive products oflow melting point. 
Only extensive water cooling gives 
economic life 

2,000 


Usually faiiat 1,525° with 50 1b. /sq.in. 


Susceptible 


About 23 
About 2-0 
0-16 
0-55% 


2-64 


0-5% after 2 hr. at 1,500° OC, but might 
be up to 2-5% when heated to 2,000° ©, 


17 

Not affected 

No reaction with slags, but above 400° C., 
oxygen, water vapour and CO, have an 
oxidising effect 


10,000 


No effect at 1,500°C. with 2 tons/sq. in, 
and only a slight effect at 1,750° C, with 
50 Ib. /sq. in. 


No OO disintegration due to carbon deposi- 
tion, although with high CO, concentration 
a reaction occurs with carbon at 650° C. to 
give CO. Blast furnace practice shows 
that in general the CO, concentration in this 
zone is about 5% (by vol.) and the reac- 
tion effect is minimised by nitrogen and 
OO present. Also the hotter more reactive 
coke would react preferentially. 

Similar 

About 1-5 

0-022 


1-95 


TABLE 
1-55 
1-54 
se se ce se «8 88 1-49 
| 1-56 
1-77 
| 1-76 
1-86 
iw ch on 1-03 
1-05 
| 
| 
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Courtesy cf The Morgan Crucible Co. Ltd, 


Fig. 1.—Photomicrograph of an oil-retaining bearing. 


x 45 


angles to the crucible wall instead of parallel to it. This 
expedient gives faster melting times for the resulting 
crucible, due to the fact that the thermal conductivity 
values are greater along the graphite flakes than across 
them. Figures of 0-006 and 0-004 c.g.s. units, respec- 
tively, have been quoted* with a hot-face temperature 
of 1,000° C. 


(b) Silicon Carbide 


This is an electric furnace product first discovered by 
Acheson in 1891 and still manufactured by a similar 
process for use as a refractory (by bonding with fireclay) 
and as an abrasive (carborundum). 

To a mixture of highly siliceous sand and crushed 
metallurgical coke, in the weight ratio of 5:3, is added 
some sawdust (8°) and a little salt (2°,). The mixture 
is heated in a carbon-rod resistor furnace to about 
1,600-2,200° C. The product consists of impure silicon 
carbide, containing various proportions of siloxicon, 
silicon, iron oxide and graphite, since, according to 
Saunders* and others, siloxicon forms at about 1,550° C. 
according to the equations :— 

sid, + C =Si0+CO 
and 2 SiO + 3C = Si,C,O + CO 

Also, at 1.820° C., silicon carbide forms, the reaction 
being completed at 1,920° C. :— 

Si,C,0 + C — 2 SiC + CO 
whilst at about 2,200° C., silicon carbide dissociates to 
give silicon and graphite, thus :— 
SiC Si + C. 
Other intermediate reactions are probably :— 
Sid, + C =—si0+ CO 
si0+C =—Si+CO 
Si + Si,C,0 = 2 SiC + SiO. 

The function of the salt in the charge is to remove the 
impurities in the coke and sand (such as iron) by the 
formation of volatile chlorides. Sawdust is added to 
maintain porosity in the charge in order to allow the 
carbon monoxide formed during the reaction to escape. 

As a refractory, silicon carbide bricks, which contain 
75 or 90% SiC according to grade, have excellent 
mechanical strength at high temperatures, a_ high 


TABLE I111.4—HARDNESS OF ABRASIVE MATERIALS. 


Knoop Hardness 
converted to 


Moh’s Hardness 


Material 


6000-6500 
2250-2260 
2130-2140 
1050-1500 


Diamond... .. 
Boron Carbide 
Silicon Carbide .. .. 
Tungsten Carbide (cobalt binder) 


thermal conductivity, and good resistance to slags and 
oxidising atmospheres. Their cost, however, prevents 
the application of this material except for arduous 
conditions of service. In the abrasives field, carborun. 
dum, with a hardness of 9 on the Moh’s scale, is very 
close to the diamond, as shown in Table ITI. j 


(c) Graphite-Metal Powder Compacts 


In these compacts use is made of the lubricating 
properties of graphite fortified for bearing or brush 
applications by a sintered metal matrix. Various metals 
and alloys are used, such as copper, copper-lead, bronze, 
babbit metal, lead and iron, to the extent of about 
40-80°,, by weight, the balance being graphitic in 
constitution. 

In general, a thoroughly mixed batch of size-graded 
particles of the components is fed into appropriate 
moulds and compacted by pressures of 12-20 tons /sq. in. 
This is followed by sintering in inert atmospheres, such 
as cracked ammonia or burnt town’s gas (if suitable), at 
temperatures which vary with the metal present, e.g., 
for bronze use 750° C. and for iron 1,000° C., for times 
up to 2} hours, depending on the size of the piece. 
When cold, the compact is sized accurately in presses to 
remedy the slight distortion during sintering. For 
bearing applications, oil retaining products are produced 
by impregnating with lubricating oil under suction. 
The oil retained in the pores of the compact usually 
lasts for the life of the bearing. 

Such bearings are ideal for applications where normal 
oiling would be detrimental to the process being per- 
formed (as in the textile industry) or where the bearing is 
situated in an inaccessible position. Fig. 1 shows a 
photomicrograph of an oil retaining bearing of this 
ype- 


POROUS AND IMPERVIOUS GRADES 
OF CARBON AND GRAPHITE 


In the two main classes of materials already discussed, 
namely, carbons and graphites, there exist subdivisions 
or grades which are based on the porosity of the material. 
For standard application in the electrical and metallur- 
gical industries, the average porosity is between 10 and 
25%, by volume—this may be classified as low-to- 
medium porosity. 

In the chemical industries, however, two widely 
different materials are required, the one very porous, for 
aeration or filtration purposes, and the other impervious 
to withhold the passage of chemical fluids through it. 

Porous Carbons and Graphites.—These carbon pro- 
ducts are made from mixtures of a careful selection of 
sized petroleum coke particles with definite amounts of 
pitch as the binder. After shaping, kilning produces a 
structure, described by Ford® as consisting of large 
cavities interconnected in all directions by smaller 
openings in the porous bond, giving a porosity value of 
about 48°. Porous graphites are electrographitised 
counterparts. 
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TABLE IV.7— 


PHYSICAL PROPERTIES OF POROUS CARBON AND GRAPHITE (AVERAGE VALUES). 


Grade Material lb. /eu. ft. Porosity Resistivity Dia. Particle 
»*hm./eu, in. Tensile Transverse | Compressive in Retained 
| ib /sq. in, Ib. /sq. in. Ib./sq.in. | 
c Carbon 36 6 0-0020 oO 1,530 | 2,700 5 
Graphite 36 5 0-00045 00 1,080 1,680 0-0002 5 
60 Carbon 69 48 | 27 00-0070 190 600 850 060-0013 | 33 0-00047 
60 Graphite 6y 48 21 0-0012 110 250 500 0-0013 33 000047 
nd Carbon 69 ix 27 500 830 0-0019 48 0-00079 
50 Graphite 69 ix 21 o-0012 250 500 | 6-0019 48 0-00079 
its 40 Carbon 69 4s 27 | 0-0057 120 320 900 | 0-0027 | 6 0 -00098 
40 Graphite 69 48 2 | 0-0013 100 190) 500 | 00027 | 69 0-00098 
us 30 Carbon 69 48 27 00-0070 100 250 770 | 0-0039 99 0-00173 
in- 30 Graphite 69 48 21 | 200 520 0-0039 99 0-00173 
20 Carbon 6s 4s 27 00-0070 240 700 0-0055 140 00-0030 
Ty 20 Graphite | 68 1s 21 0-0020 60 140 310 | 0-0055 140 0-0030 
10 Carbon | 68 is | 26 0-0080 x0) 160 300 | 00-0075 |, 190 0-0059 
10 Graphite 68 ix | 21 0-0020 140 270 } 00-0075 190 0-0059 
* Coefficient of Thermal Expansion F. to temperature t(° F.) = [K + 0-6639 
ng Coefficient of Thermal Expansion /° C. to temperature t(° = [1-8K + 0-007 x 1077. 
sh 
Is In the form of tubes, plates, dises and filter leaves. achieved by spreading a chemical resisting mortar to 
e. these materials are very suitable for the filtration of give a continuous membrane, on to the tank wall, and 
at corrosive liquids. The high permeability of these building the carbon lining against it, using a similar 
in products to air enables them to be used as a gas diffuser mortar between the carbon bricks. For this scheme, 
or aerator for gas absorption plant, biological tank or normal porosity carbon bricks are used (which are very 
sewage aeration, etc. Despite the high degree of strong and abrasion resisting) but any corrosive liquid 
te porosity, these materials are quite robust and have a_ which will undoubtedly seep into the carbon brickwork 
. high resistance to thermal shock. will not attack the containing vessel provided the 
h Table IV shows some physical properties of porous membrane is intact ; and this should be so and remain 
it carbons and graphites, and these may be compared with 8° during service, because it 18 adequately protected by 
: the more standard grades by reference to the values the carbon wall in front of it. The chemical-resisting 
“ shown in Table I. cements used in this application are very similar to 
d use could be made of them in the chemical engineering © — b ovided 
field because of the porous nature of the standard (resin, polymeriers, catatyste, ote.) be 
y products. It was realised that if only some treatment ready for mixing in the correct proportions, that it can 
could be devised which would render these materials be for 
entered, and carbon or graphite would then replace ® th prs of 
s many of the common resistant alloys for such purposes ©*!8t t0-Cay for use m the construction oF chemica 
’ as heat exchangers, acid tank linings, linings for various 
, reaction vessels, gas scrubbing towers, and pumps, etc., 


where corrosive liquids were present. 


Many impregnants were tried, but most suffered from 
severe limitations on temperature of service: for 
example, pitch would soon ooze out of the pores of the 
carbon or graphite apparatus and render it non- 
impervious. Any heat treatment during manufacture 
would only serve to “‘ coke” the impregnant and so 
partially decrease the porosity. This application is still 
practised for certain uses where complete imperme- 
ability is not essential, as with some electrolysis 
electrodes. For very low-porosity carbon bricks and 
tiles, a coke-sulphur mixture has been widely used. It 
is mixed, melted and cast into moulds. Unfortunately, 
the product is rather brittle and heterogeneous. 


Modern developments have been along two main 
lines: one is impregnation with a variety of resin 
mixtures of the furfural, phenolic and cashew nutshell 
types*, which are catalysed or cured” in manufac- 
ture, and which will operate efficiently up to about 
200° C.8 (up to 300°C. has been quoted® for a British 
product). The alternative system, applicable to carbon 
bricks, tiles, shapes, ete., which are to be housed in a 
shell of metal, brick or concrete to give a carbon lining, 
is to protect the housing from chemical attack. This is 


October, 1953 


CARBON BLOCKS 


|) 


REINFORCED 
CONCRETE 


in. CHEMICAL 
RESISTING CEMENT 


in. MEMBRANE 
F CHEMI 
. 
LES 4 


Fig. 2..-Permeable carbon tank lining with impervious 
membrane backing. 
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-APPROXIMATE PHYSICAL PROPERTIES OF MORGANITE © 


TABLE V* 


ARBON AND GRAPHITE FOR CHEMICAL ENGINEERING APPLICATIONS, 


Ultimate Strengths 


Ib./sq. in 
Type of Material 
ome | ‘Tensile 
verse pressive 
Permeable | 
Carbon blocks ee 5,200 14,000 3,000 
Carbon rods and tubes... .. 7,500 | 19,000 3,500 
Graphite rods and tubes .. 3,800 5,500 1,000 
Imperv ious 
Carbon blocks coos 5,500 | 16,000 3,000 
Graphite blocks .. 5,000 7,000 2,000 
Carbon rods and tubes 7,500 19,000 3,500 
Graphite rods and tubes .. .. .. 3,800 5,500 1,000 


— 
j Thermal 
jlastic ard- Specific ty | 
Modulus ness Resistance — — g.cal./ | Beha, 
Ib./sq.in. (Shere) | ohm/eu. in, see. hr./sq, 
sq.em./ 
C./em.) ft, 
3,500 1-1 x 108 65 15 x lov 1-6 0-2 0-04 10 
1,200 | 0-5 x 10 35 4-5 x lo-* 1-7 0-2 0-25 60 
4,000 1-4 x 10° 60 14 x 10°* 1-6 0-2 0-04 10 
1,200 0-5 x 10° 40 5-0 x 1-7 0-2 0-25 
3,500 1-1 x 108 65 15 x 10°¢ 1-7 0-2 0-04 19 
2,500 x 108 40 5-0 x 1-8 0-2 0-25 60 
4,000 1-4 lof 65 14 x 1-7 0-2 0-04 10 
1,200 0-5 108 45 5-0 1-8 O-2 0-25 60 


plant. Fig. 2 illustrates the principle of using an 
impervious membrane backing for a permeable carbon 
tank lining. 

It can be seen from Table V that the impregnation 
treatment on both carbon and graphite fabricated 
pieces gives a marked improvement in mechanical 
properties with very little effect on thermal or electrical 
conductivities. 
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Iron from Nickel Ores 


Tue International Nickel Co. of Canada, Ltd. is to 
undertake the recovery of by-product iron ore from 
nickel ores in the Sudbury District of Ontario, and a 
start is being made with the construction of a $16 million 
plant in the Copper Cliff area as the first unit in an 
operation which will ultimately yield about one million 
tons of high-grade iron ore each year, in addition to 
nickel ore, from the Sudbury deposits. 

An important feature of the project, which is based 
on a process developed by the company’s research staffs, 
is the resultant release of smelter capacity which 
permitted Inco to assume the five-year contract it 
recently signed with the U.S. Government for delivery 
of 120 million pounds of nickel without diversion of 
regular supplies from industry. Pending construction of 
the new plant, the company has taken emergency 
measures to expedite deliveries against this large 
commitment, which represents output over and above 
its current peak nickel production. 

Initially, the plant will treat 1,000 tons a day of nickel- 
bearing pyrrhotite removed from ore in the early stages 
of processing at Copper Cliff. The iron ore recovered will 
be of a higher grade than any currently produced in 
quantity in North America. It will contain at least 
65% iron and less than 2%, silica, compared with the 
51°5°%, iron content of ore from the Mesabi range in 
Minnesota. At present, the North American steel 
industry is largely dependent on imports from such 
countries as Brazil, Venezuela, Sweden and Liberia for 
its requirements of ore of the grade Inco will produce. 

Nickel production throughout the world, both in 
existing plants and in plants under construction, is based 
on processes in which the iron content of the ore is 
rejected in slag or in tailings: ferro-nickel production 
involves recovery of only a minor proportion of the ore’s 
iron content. The recovery of iron ore as a by-product 
is regarded as an important advance in extraction 
metallurgy and it now makes possible the treatment of 
ores hitherto considered uneconomical. 


International Wrought Non-Ferrous 
Metals Council 


Tue International Wrought Non-Ferrous Metals Council 
held its Inaugural Meeting in Amsterdam on October 
12th. Its members are the organisations of manufacturers 
of wrought copper and copper-base alloys in the following 
countries of Western Europe: Belgium, Denmark, 
Finland, France, Germany, Great Britain, Italy, 
Portugal, Sweden, and Switzerland, and the meeting 
was the most comprehensive of its kind ever assembled. 

The Council has come into being through a widespread 
desire on the part of the European fabricators for 
exchange of knowledge internationally, and for the 
establishment of a fully representative body capable of 
speaking for the industry as a whole. The first meeting 
was concerned mainly with constitutional matters and 
methods of future working, but already a number of 
studies have been set in motion. These studies will lead 
to exchange of the results of research and development, 
and will encourage co-operation in the various countries 
which will, it is hoped, contribute to improved produc- 
tivity and quality. The Council is also concerning itself 
with the development of world statistics of non-ferrous 
metals, including semi-finished products. 

The Council elected as its first Chairman Monsieur 
G. Desbriere, (Compagnie Francaise des Metaux). The 
British Non-Ferrous Metals Federation provides the 
Secretariat. 


I.M.F. Westinghouse Prize 


Tue Council of the Institute of Metal Finishing has, 
on the recommendation of the Publications Committee, 
awarded the Westinghouse Brake and Signal Company 
Limited Prize for the 1952/53 session to Messrs. A. E. 
Davies, R. M. Angles, and J. W. Cuthbertson, joint 
authors of a paper on “ Complex Fluorides for the 
Deposition of Tin and Tin Alloys,” which was presented 
during the Annual Conference held in April. 
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Illustrated are three Horizontal Tube Recuper- 
ators for providing pre-heated air to a tube 
rolling mill furnace in Australia. 

Our Technical Staff are available to discuss your 
particular fuel economy problem. Why not 
consult us in these matters? 
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Rover Car Factory, Solihull. High intensity lighting in a 
body spray tunnel by fluorescent lamps in a glazed enclosure. 


Toilored for the job 


The lighting of many processes is vital to the smooth and rapid flow 
of work and to the quality of the finished product. For example, 
poor lighting could make a spray tunnel into a bottle-neck — each 
job taking a little too long, a little portion missed, a return to the 
spray line — and so the whole production line marks time. Whatever 
form it takes, good lighting not only helps to provide a satisfactory 
working environment but is an active production tool. 


Fluorescent lighting is as good as daylight — only more consistent. 
It is efficient; it is economical; and it is flexible. You can ‘tailor’ it 
easily and exactly, tothe special requirements of production at all stages. 


Electricity for PRODUCTIVITY 


HOW TO GET MORE INFORMATION 
Your Electricity Board will be glad to advise 
you on how to use electricity to greater 
advantage — to save time, money, and 
materials. The new Electricity and Pro- 
ductivity series of books includes one on 
lighting — “‘ Lighting in Industry ”. Copies 
can be obtained, price 9/- post free, from 
E.D.A., 2 Savoy Hill, London, W.C.2, or 
from your Area Electricity Board. 


Issued by the British Electrical Development Association 
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Large or small, simple or intricate, “‘ one 
off” or a high quality repetition job, to x 
specify A TAURUS BRONZE CASTING >= 
is to ensure the most completely depend- . 
able casting whatever your requirements. 


We can now offer most attractive deliv- 
eries and our modern foundry, research 
facilities and metallurgical experience are 
at your service. 


THE 


DAVID BROWN 


CORPORATION (SALES) LIMITED 
FOUNDRIES DIVISION 
PENISTONE NEAR SHEFFIELD 


Taurus nickel bronze castings 
for screwdown nuts approxi- 
mately 3 tons each. io 
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“* Newallastic”’ bolts and studs have qualities which 

are absolutely unique. They have been tested by 

every known device, and have been proved to be 

stronger and more resistant to fatigue than bolts or 
studs made by the usual method. 
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THE 


Tailored for the job 
Dimensions dead accurate 


Quality second to none 


T.l. ALUMINIUM LIMITED 
Redfern Road, Tyseley, Birmingham I1. Tel: Acocks Green 3333. 

Aluminium and Aluminium Alloy Ingot, Billets, Slabs, Sheet, Strip, 

Plate, Tubes and Extrusions to all Commercial, A.I.D. and Lloyd's specifications. 
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THE ENGINE DRIVER 


Our schoolboy admiration of the engine driver 
goes on into adult life. Indeed, as the years go by, 
we appreciate more and more the high sense of 
responsibility he brings to his work. 

Buyers of aluminium alloys feel the same way about 
PRIESTMANS. The unvarying reliability of TJP 
aluminium alloys is a constant source of wonderment 
to the user . . . a daily demonstration of the 


way we live up to his trust in us! 


PRODUCED BY 


TJ-PRIESTMAN 


BIRMINGHAM 12 


Telephone: ViCtoria 2581-5 
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the finest system 
of arc regulation 


We call attention to the performance of the arc 
regulators for two good reasons—because an arc 
furnace is no better than the arc regulating equipment 
— because we know of no other system as good as the 
G.W.B.-Tagliaferri hydraulic control. It is, in fact, 
due to these controls that we can offer furnaces giving 
shorter melting times, lower power consumption and 


lower maintenance costs 


What is the G.W.B.-Tagliaferri system? It is hydraulic 
in operation, extremely fast and sensitive in operation 
—complete reversal of electrodes takes only 1-7th of a 
second. It is a proved method of controi, too, for over 
450 control devices have been installed in furnaces 
totalling over 750,000 k.V.A.—surely ample 
acknowledgement that the G.W.B.-Tagliaferri system 
is one of the foremost methods of arc regulation. 


If you are concerned with furnaces for iron ore reduc- 
tion, cast iron melting and refining, steel melting, 
ferro-alloy production—we shall be pleased to supply 
further information on types and capacities available 


GWB- TAGLIAFERRI 
ARC MELTING FURNACES 


G.W.B. ELECTRIC FURNACES LTD. 
Dibdale Works, Dudley, Worcs. Phone: 4284 


Proprietors : Gibbons Bros. Lid. and Wild-Barfield Electric Furnaces Ltd. 
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FOR GALVANISING 


BARREL 


Illustration shows 
the Automatic 
Zinc Barrelling 
of small parts. 


RE-AGENT & 


LABORATORY P 


Granulated 


URPOSES 


CROWN SPECIAL 
Ball and Plate anodes for plating 

‘AVONMOUTH” “SEVERN” and 
VALE’? BRANDS 


for rolling, galvanising, zinc oxide and brass manufacture 


MAZAK KAYEM 


for quality die casting for press tools and blanking dies 


CADMIUM - SODIUM ZINC ALLOY 


for plating, batteries and pigments De-oxydant in brass casting 


METALLIC ARSENIC 


for lead shot and toughening copper 


IMPERIAL SMELTING CORPORATION (SALES) LIMITED - 37 DOVER STREET - LONDON - W.! 
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Recent years have seen a considerable expansion 
in co-operative research as carried out by research 
associations set wp to function on behalf of a parti- 
cular industry or group of industries. The bulk of 
industrial research continues—as inevitably it must— 
io be carried out in the research departments of 
individual firms. Essentially, the research associa- 
tions constitute a complementary scientific service 
for industry, their total expenditure amounting to 
probably not more than 10%, of that spent within 
firms on research and development. There are 
more than 40 research associations in existence to-day, 
with a total budget of about £3 million, of which the 
Government, through the Department of Scientific and 
Industrial Research, contributes rather less than half. 

In the Sixth Annual Report of the Advisory 
Council on Scientific Policy (1952-1953), published 
a few months ago by H.M. Stationery Office, the view 
is expressed that firms within some industrial groups 
do not seem to be contributing enough to the finances 
of their respective research associations, in spite of 


CO-OPERATIVE RESEARCH ACTIVITIES 


The British Cast Iron Research 


the value of the work of the latter in increasing the 
efficiency of industrial processes. As an example of 
this, figures are quoted for an association whose 
work has led, in cases where the benefits can be 
evaluated, to annual savings of nearly £300,000 ; the 
total annual contribution made to it by an industry 
with an annual turnover of £87 million is only 
about £30,000. Reference is also made to the 
DS1.R.’s policy of developing the work of the 
research associations in the field of productivity, and 
the need for its speedy fulfilment, since this is an 
aspect which might be of considerable value to the 
smaller firms who, through lack of capital, are 
unable to take full advantage of some features of the 
associations’ work, particularly those involving not 
inconsiderable expenditure on developing an 
idea through the pilot-plant stage to full scale 
production. 

In the following pages an account is given of the 
progress made in the last year or two by a number of 
research associations in the metallurgical field. 


Association 
By Dr. J. G. Pearce, O.B.E. 


Director of the Association 


The elimination of health hazards in the foundry has made considerable progress in the 


past few years, and reference is made in this article to an improved grinding wheel dust 
extractor unit developed by B.C.1.R.A. On the research side, work has continued on a 
wide range of subjects, including the factors affecting carbide stability, the blistering of 


T is difficult to review briefly the work of the British 
Cast Iron Research Association for a year which has 
yielded some 30 contributions in the form of printed 

papers, 22 of which have appeared in the Association’s 
Journal. Some of these are contributions to a conference 
held in October, 1952, on foundry economy. One out- 
standing paper! to this conference was given by Mr. F. 
Buckley of the English Electric Company, Rugby, on 
the replanning and mechanisation of a large jobbing 
foundry, a type of foundry not normally considered 
suitable for systematic methods of operation owing to 
the wide variety of castings produced. The problem 
was to increase production by at least two-and-a-half 
times without appreciably increasing the floor area or 
labour force available. Heavy castings of 5 to 20 tons 
in weight formerly pit- or floor-moulded are now box- 
moulded by sand-slinger. A specially patented technique 
of sectional moulding has been adopted in which the 
pattern is sliced into convenient and preferably standard 
thicknesses. 

Shell Moulding 


Few recent developments have aroused more interest 
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enamelled surfaces, and the mechanical properties of cast irons. 


in the industry than that of shell moulding, the technique 
and advantages of which are now generally understood 
by ironfounders. From the time when the first intima- 
tion of the process reached this country, the Association 
has collected information from world-wide sources and 
disseminated it to the industry. Moreover, it has now 
set up a simple shell moulding train for the production 
of small experimental castings where the conditions 
imposed with respect to hardness or shape permit no 
machining allowances on the casting, and a small 
pneumatically operated machine has been developed? for 
clamping the shell moulds together, thus rendering the 
use of metal shot unnecessary (Fig. 1). 


Foundry Atmospheres 


A development of particular interest in this field is an 
improved arrangement for dust control that can be 
fitted to the pedestal or stand grinders normally used 
for cleaning foundry castings. The grinder is the result 
of a long process of evolution from the hand-operated 
grindstone. The application of power-driven machines, 
and the increased speeds involved, necessitated the 
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at the operator’s breathing 
zone during the grinding 
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The dust produced in the 
grinding of iron castings js 
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Fig. 1. 


enclosure of the wheel to prevent injury to the operator 
if it should fail in service. This casing is normally 
fitted at the rear of the equipment with an exhaust pipe 
for dust control. Experiment, however, has shown that, 
due to the fan effect of the wheel, this arrangement is 
unable to prevent the discharge of air-borne dust into 
the operator’s breathing zone. In consequence, the 
Association’s Foundry Atmospheres Committee asked 
that attention should be devoted to this point. 


It was subsequently found that the air stream 
developed by the wheel had a velocity approximately 
one-half that of the wheel itself, and that it was imprac- 
ticable by conventional methods to reverse this air 
stream within the casing, or to influence it around the 
open area of the wheel. This peripheral air stream is 
cut off at right angles by the material being ground, and, 
carrying a heavy dust burden, strikes the operator’s 
body, and in this way a large quantity of dust-laden air 
rises to his breathing zone. On this assumption, an 
external extractor unit was designed to surround the 
point of origin of the dust with air curtains which suck 
the dust-laden air stream into the exhaust system, the 
top horizontal air curtain forming a barrier between the 
dust generating zone and the face of the operator, thus 
preventing any vertical dust streams from reaching his 
breathing level. The system has been found satisfactory 
for large and small wheels operating at medium or high 
speeds, and its experimental form is shown in Fig 2. 
Arrangements for its commercial manufacture are 
pending and the device has been described in the 
papers® given by W. H. White and W. B. Lawrie to the 
Annual Conference of the Institute of British 
Foundrymen in June, 1953. 

Independent dust counts taken by Mr. Lawrie, of 
H.M. Factory Department, show that when this exhaust 
arrangement is used, the concentration achieved at 
breathing level is similar to that of the general atmos- 
phere. In other words, the operator is as well off when 
he is grinding as when the machine is at rest. No 
significant increase was found in the dust concentration 
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it is the dust that remains 
after the carbonaceous mat. 
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Pneumatic clamp for shell mould casting. 


ter is burned off that may be 
dangerous to health. Ther. 
mal precipitation dust counts 
given by W. B. Lawrie for 
a 24in. wheel show that. 
when the system is in opera. 
tion, as many as 10,00 
particles per cubic centimetre 
can exist at the working 
level, with the general atmos. 
phere carrying about 2,00 
and the breathing level 
containing about 2,500 
particles. In a similar dust 
count on a 16 in. wheel in the 
same casing, after carbon. 
aceous matter had __ been 
burned off, the number of particles per cubic centimetre at 
the working level was 1,725, with the general atmosphere 
showing an average of 272 and the breathing level with 
the system in operation an average of 252 particles. 
Incidentally, it was also shown (since the 16 in. wheel 
was working in a 24 in. casing) that wear on the wheel 
makes no difference to the efficacy of the system. 


COMPRESSED 
AiR SUPPLY 


Operational Research 


The Operational Research Team, set up by the 
Association in 1950 to visit the foundries of member. 
firms by invitation and report confidentially on means of 
increasing productivity, now consists of three members 
engaged on field visits, and a fourth member dealing with 
layouts and statistical information. The confidential 
report submitted after each survey has been completed 
covers the foundry and related sections, and deals with 
various aspects of production, including building layout, 
production methods and planning, and conservation of 
materials. The report also takes into consideration 
any envisaged programme for development. 

The Team has now visited one-sixth of the iron- 
foundries in the country, representing a total output of 
about half-a-million tons per annum. 

Return visits have been made to many of the foundries 
originally visited, and it has been found that recommen- 
dations put forward by the Team have been wholly or 
partly put into effect with encouraging results. 


Research 


Following a lengthy investigation of the subversive 
effect of a number of elerhents in the production of 
nodular graphite iron by the magnesium process, it has 
been shown that the use of magnesium with a small 
amount of cerium helps to guarantee the successful 
operation of the process.‘ 


Considerable progress has been made in the study of 
the influence of gases in cast iron, following the develop- 
ment of a satisfactory vacuum fusion apparatus and 4 
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suitable molten metal sampling technique. Systematic 
visits have been paid to some 14 member-foundries, 
carefully chosen to cover as wide a range of melting 
equipment and raw materials as possible, to assess the 
influence of variations on the gaseous element content 
of industrial irons. Melting units included acid-lined 
cupolas, air furnaces fired with pulverised coal, electric 
furnaces, rotary furnaces and hot-blast cupolas. Signifi- 
cant differences in oxygen and nitrogen contents were 
detected during these field tests. 

In the laboratory work, the most important advance 
has been the establishment of the powerful carbide- 
tabilising effect of nitrogen.® This influences the 
production of both malleable cast irons and white cast 
irons, and in grey irons the nitrogen modifies the form 
of the graphite. The effect of nitrogen can be neutralised 
by the addition of a small amount of aluminium, and it 
appears that the well recognised graphitising influence 
of small additions of aluminium, attributed in the past 
to a deoxidising effect, can be almost entirely related to 
the combination of the aluminium with nitrogen. Work 
on oxygen and hydrogen has now been begun. 

In spectrographic analysis, the past year has been 
largely devoted to bringing into commission the new 
direct reading spectrometer (the A.R.L. Quantometer) 
and to the improvement of methods for the spectro- 
graphic analysis of slags. 

With the co-operation of a number of member- 
foundries and enamelling plants, a systematic investiga- 
tion has been carried out to discover whether any 
relation exists between casting skin and the incidence of 
blistering on enamelled cast iron surfaces. With the 
aid of two sub-committees, a number of plates were cast 
in different foundries, one half of the plate being left in 
the as-cast state and the other machined to varying 
depths. The plates were then enamelled by various 
plants and a side-by-side comparison was made of the 
machined and unmachined surfaces. On the evidence 
of these tests, it seems clear that blistering can occur in 
acid-resisting enamels applied to cast iron, irrespective 
of whether or not the casting surface is machined. 
Enamel blistering must be regarded as the result of a 
particular combination of factors, including processing 
eyele and treatment, enamel, and casting structure. 
Gases evolved from the metal are one of the causes of 
blistering and these mainly consist of oxides of carbon 
formed by reaction between the graphite and surface 
(or sub-surface) iron oxide.” 

Considerable work has been done on mechanical 
properties, including the impact testing of flake-graphite 
cast irons and an extensive study of the effect of silicon 
and phosphorus on the impact properties of ferritic 
nodular cast irons. For these latter materials it has 
been shown that an unnotched impact test indicates 
the energy required to form a crack, and a notched 
impact test the energy required to propagate a crack.® 
Subsequently, the fatigue properties of both notched 
and unnotched specimens of nodular iron have been 
examined, and the notched fatigue strength of pearlitic 
flake-graphite iron has been raised 20°, by rolling at 
the root of the notch, but the most significant effect was 
4 pronounced increase in life, due to surface rolling, at 
stresses above the fatigue limit. 

A preliminary study of the problem of soundness in 
castings has shown that when molten iron is poured into 
a mould, the mould dilates and that the metal follows 
this dilation and is consequently rather more prone to 
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Fig. 2.—Experimental form of grinding wheel dust 
extraction unit. 


unsoundness. The dilation of the mould cavity increases 
with the moisture content of the mould and is related to 
the migration of moisture from the mould at the mould / 
metai interface. 

A number of studies have been made of the factors 
affecting chill formation in chilled and white castings 
and in malleable cast iron. 

A brief report, believed to be of fundamental impor- 
tance, has been issued on the flowability of sand,® and 
a more detailed account is due to appear. Load- 
deformation tests on various types of sand under 
compression in a dielectric heater have enabled the 
results to be correlated with the scabbing tendencies of 
different sand mixes. Reference to shell moulding was 
made at the beginning of this review. 

Nearly 200 representatives of member-firms have 
now attended the short courses held by the Association 
on the testing and control of moulding and core sands, 
five of which have been held during the year. 
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The British Iron and Steel Research 
Association 


The wide field covered by B1I.S.R.A. makes it impossible in a short article to do other 


than mention briefly a few of the more interesting current projects. 


Those featured in the 


present survey include the conservation and recovery of such materials as zine and 
sulphuric acid, the continuous measurement of strip gauge during rolling, the inspection 
of wire dies, and improved crane controller layouts. 


HE BRITISH IRON AND STEEL RESEARCH 

ASSOCIATION, now eight years old, is organised 

under five divisions: Ironmaking, Steelmaking, 
Mechanica! Working, Metallurgy and Plant Engineering. 
Their extensive programme of research ranges from the 
assembly and preparation of raw materials, through the 
processes of manufacture, to the shaping of the finished 
products and the qualities and properties of those 
products. This year has seen the completion of the 
Association’s largest group of laboratories at Sheffield, 
which will be officially opened on November 19th by 
H.R.H. the Duke of Edinburgh. Some of the more inter- 
esting of B.I.S.R.A.’s current projects are outlined below. 


Iron-Zinc Plating 


Much research has been directed towards saving zinc, 
used largely in the coating of steel. An alternative to 
using a different coating is to use one with only a 
proportion of zine in it, and it has been found that iron 
and zine can be deposited electrolytically on steel at the 
same time. A coating with only about 5% of zinc, for 
instance, and 95°, of iron not only means a considerable 
saving of zinc, but also has some remarkable properties. 
It is nearly as bright as a mirror ; it adheres to the steel 
very tightly ; and it has a smoothing action, as the alloy 
is deposited first in the hollows of an uneven surface. 
In addition, the coating can be deposited very quickly. 
It is not very resistant to corrosion, however, and 
although alloy coatings with greater proportions of 
zine resist corrosion better, they do not have such a 
bright finish. A coating with about one-third of zinc 
to two-thirds of iron has a silvery matt appearance and 
is as corrosion resistant as an ordinary galvanised 
coating. The properties of coatings with other propor- 
tions of zine and iron are now being examined, in an 


Fig. 1.—-Reflection by an iron/zinc alloy coating. 
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attempt to find one which will combine the bright 
finish of low-zine alloys with the corrosion resistance of 
the high-zine ones. 


Recovery of Zinc from Dross 


A novel method has been worked out for recovering 
zine from galvaniser’s dross. This metallic sludge, 
which contains about 94°, zine and 6%, iron, forms at 
the bottom of galvanising pots during the coating of 
steel with zine. If the dross comes in contact with the 
steel as it passes through the pot, the coating will be 
ruined. The galvaniser must, therefore, periodically 
remove it. In the new process, the dross is added, with 
some aluminium, to a bath of lead, and the whole melt 
is heated to about 750°C. The iron combines with the 
aluminium and floats to the surface as an alloy, while 
the lead dissolves the zinc and sinks to the bottom. 
The iron-aluminium compound is then skimmed off, and 
the zinc-lead solution is allowed to cool to a temperature 
at which the zine crystallises out on top of the molten 
lead. The zine is then removed, while the lead can be 
used again for the next operation. It is now possible 
to recover 95 lb. of pure zine from each hundredweight 
of dross. Comparatively cheap and simple, the method 
can be used in any works. 


Ingot Mould Life Extended 


Consumption of ingot moulds per ton of steel teemed 
varies from 10 lb. to 70 Ib. in different works. Even 
within a single plant, the behaviour of different moulds 
may vary widely without any obvious reason. At 2d. 
a lb., every 10 lb. of mould metal per ton of steel costs 
£1,600 per week on a throughput of 20,000 tons of steel. 
The results of a number of years’ practical research work 
on mould economy, in co-operation with member firms, 
which are shortly to be published, show how many 
economies can be effected. For example, the more 
quickly the moulds are stripped after teeming the longer 
they last. At one works, the life of standard semi-closed 
top moulds went down from 158 to 118 in less than 18 
months. Longer stripping times were found to be the 
cause, and when this situation was corrected, the life of 
the moulds returned to its former level. Mould life is 
lengthened when the mould is allowed to cool down to 
between 50° C. and 100° C. during the interval between 
uses, and the effect of using moulds above this range 
generally has a much worse effect than using them cold 
or nearly cold. When too few moulds are in service, 
therefore, mould life is likely to decrease. The influence 
of the phosphorus content of the mould metal on mould 
life has been examined, and at one works a study of 
523 33-4 ton moulds showed that an increase of phos- 
phorus by 0-10% within the range of 0-06 to 0-23% 
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increased the average mould life by about 7%, though 
moulds of 10 tons capacity or over should not contain 
more than 0-06°, phosphorus. The effect of design on 
mould life is very great, and the report to be published 
contains recommendations for an ideal design, emphasis- 
ing that any variation from drawing size, however small, 
can have an adverse effect. The recording and super- 
vising of ingot mould use, taking into account conditions 
of service, composition, properties and design, provides 
information which can clearly result in substantial 
savings. One member firm’s new shop, for instance, 
began with a consumption of 58 Ib./ton, which was cut 
to 34 lb. /ton during the first 18 months. 


Continuous Strip Thickness Measurement 


A further stage has been reached in the research on 
methods of gauging continuous strip, with the develop- 
ment of a new instrument known as the “ gaugemeter.”’ 
This instrument measures the thickness of the strip 
continuously as it passes through the rolls. Derived 
from a measurement of initial roll setting and mill load, 
the measurement is indirect and is, in fact, made by 
the rolls themselves. Since all the measuring apparatus 
is well away from the strip, it cannot be damaged by a 
cobble or other mishap. The roll force and the screw 
setting are continuously measured, while the strip 
thickness is electronically computed from them, the 
result being displayed on a calibrated dial in any chosen 
part of the mill. It can indicate accurately the thickness 
at one or both edges of the strip, or a mean thickness 
across the width of the strip. An industrial instrument 
is now being built for installation in a member firm’s 
continuous hot rolling mill. Comparatively cheap, 
robust and fast in response, the ‘‘ gaugemeter ”’ should, 
if it fulfils its present promise, be of great value in the 
work of cutting down off-gauge strip to a minimum. 


Crane Controllers 


Many overhead travelling cranes used in steelworks 
to-day are so designed that the driver has to lean out of 
his cab to see what he is doing. This is chiefly because 
of the size of the electrical controllers, which are often 
placed directly in front of the driver. The handles of 
the controllers are themselves large and usually operate 
in wide, horizontal sweeps. They have, therefore, to be 
wide apart so as not to interfere with one another, which 
slows down and tires the driver. Inspection and main- 
tenance also are found difficult. New types of controller 
have been designed, which are much more compact than 
previous types. They have much shorter axes than 
conventional types, and can be placed with their axes 
horizontal, so that the levers in their central position are 
vertical. In addition, a joystick control of the two main 
travel motions can be provided. For this, the axes of 
the two controllers are placed horizontally and at right 
angles, and the handles are combined in one joystick. 
With this the operator simply moves his single handle 
in the direction he wants his hook to go: diagonal hand 
movements will move bridge and crab at once. The 
new designs of controller include short handles which 
end in knobs and are easier to operate than the usual 
“sword handles.” The designs have been tested in 
steelworks cranes and some have operated satisfactorily 
for over a year, completing more than three million 
operations. Much useful research has been done on 
seating, working height and areas, visibility, foot 
controls and the position of the cab. In the London 
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Fig. 2.—Mock-up at B.I.S.R.A. laboratories of a proposed 
6-control crane cab for the Steel Company of Wales. 
Note joystick control of two main travel motions. 


engineering laboratories at Battersea, steelworks con- 
sidering new cranes can try out their ideas on a specially 
built “‘ mock-up,” incorporating the new controllers and 
approximating as closely as possible to working 
conditions. 


Inspecting Wire Dies 


When wire is drawn, the angle of each die through 
which it passes is most important, as it affects the pull 
needed for drawing. Also, if the angle is not correct, the 
soap which is often used as a lubricant will not flow 
between the die and the wire; a greater pull will be 
necessary and the wire may be marked. A simple and 
accurate instrument for die inspection has been devised 
and is manufactured by the Longworth Scientific 
Instrument Co., Ltd. This is the B.I.S.R.A. “ Profilo- 
scope,” by which die angles can be measured to an 
accuracy of + 4% within a matter of seconds. The 
instrument can also be used for inspecting the surface 
of the die for defects such as scoring. Between 5% and 
10% machine working time is frequently lost by 
replacement of worn tungsten carbide dies, and in one 
case this was estimated to cause a loss in output equiva- 
lent to some £35,000 to £40,000 a year. Control of 
quality by an instrument such as the “ Profiloscope ” 
can enable wire drawing works to plan batch replacements 
economically, reducing this loss considerably. 


Recovering Waste Pickle Liquor 


A pilot plant for making sulphuric acid from waste 
pickle liquor has now been installed in the works of a 
member firm at Swansea. The liquor left over after the 
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steel is descaled consists of a mixture of water, a little 
suipburic acid and a good deal of dissolved iron sulphate. 
The unused sulphuric acid is recovered for further use, 
and the ferrous sulphate is crystallised as the mono- 
hydrate, which is roasted in a special furnace in the 
B.1.8.R.A. autoxidation plant. In the roasting process, 
sulphur dioxide is given off and passes into an autoxida- 
tion tower, together with air, while water flows down- 
wards in the other direction ; in the tower is a small 
amount of manganese sulphate to speed the reaction. 
The sulphur dioxide, air and water in the tower combine 
to form sulphuric acid, at concentrations suitable for 
pickling without further dilution. A by-product of the 
roasting of the monohydrate is fine iron oxide, which it 
may be possible to put into a blast furnace after 
sintering. 


Other Activities 


B.LS.R.A. has recently made an important contri- 
bution to the productivity drive, stimulated by the 


report of the iron and steel productivity team which 
visited the U.S.A. in 1951. An annual confidentia) 
report is now compiled, giving the productivity anq 
driving rate figures of all melting shops in the country. 
Firms are “ coded,” and each one knows its position jp 
the table and can act accordingly. B.1I.S.R.A. has also 
taken part in the organisation of a number of conferences 
where productivity has been vigorously discussed by 
many representatives of the industry. 

A number of books have been published during the 
year, in addition to a large number of reports, both 
restricted and open, and the Association’s Annual 
Report to Council. These include “ Engineering 
Maintenance ”’ (Proceedings of the 8th Plant Engineering 
Conference) ; “ B.L.S.R.A. Survey”; ‘ Physical Con. 
stants of Some Commercial Steels at Elevated Tempera. 
tures ’’ (Butterworths’ Scientific Publications) ; ‘* Sym. 
posium on the Corrosion of Buried Metals” (Iron and 
Steel Institute); ‘ Spectrographic Analysis of Low 
Alloy Steels ” (Iron and Steel Institute). 


The British Ceramic Research Association 
By A. E. Dodd, Ph.D., M.Sc., F.R.1LC. 


Head of Information Department 


Continued exposure to high temperature may have a marked effect on the thermal pro- 
perties of both the insulating, and “ solid” types of refractory, and in this account of 
the work of the B.C.R.A. attention is mainly focused on this important subject. 


N last year’s review,’ a brief account was given of 
the Association’s new laboratories, which had then 
recently been opened by the Duke of Edinburgh. 
In previous reviews, the practice had been to select one 
item of current research for more detailed treatment ; 
topics so far treated have included the Research Associa- 
tion’s work on blast-furnace refractories ; on the all- 
basic open-hearth furnace and the bursting-expansion 
of chrome-magnesite bricks ; on the behaviour of fireclay 


Fig. 1.—-The new research laboratories. 
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refractories when reheated ; and on the properties of 
insulating refractories. When outlining the present 
programme of research in last year’s review, mention 
was made of investigations on the thermal properties of 
refractories. This is an important field of work and one 
aspect, the properties of refractory insulating materials, 
was dealt with in some detail in this journal in 1950. 
Insulating refractories have appeared on the market for 
use at higher temperatures, e.g. up to a hot-face tem- 
perature of 1,500° C., and manufacturers 
are to be congratulated on the production of 
the materials required to meet the in- 
creasingly severe demands of industry. 
Continued exposure to high temperatures 
may have a marked effect on the thermal 
properties of refractories, not only of the 
insulating type but of the normal “ solid” 


some forty-five years ago in measurements 
made on the thermal conductivity of used 
firebricks. In 1926, A. T. Green? observed an 
increase of 22°, compared with that of the 
unused brick, in the thermal conductivity 
of a semi-silica refractory taken from a coke- 
oven that had been in service for 18 years. 
Changes in the thermal properties of this 
order must modify the thermal balance of 
any furnace or other high-temperature 
installation to a marked degree, but little 
attention has hitherto been paid to the 
subject, owing, no doubt, to the difficulty 
in procuring a representative sample of, say, 
half-a-dozen bricks in good condition after 
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Fig. 2.—Conductivity-temperature curves for high- 

temperature insulating brick used in a laboratory furnace 

at 1,500° C. 
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use, and a similar number of the same batch of bricks in 
the unused state. However, the Research Association 
has been fortunate, during the last year or two, in 
obtaining samples from several types of furnace, and it 
has been possible to make reliable measurements of 
their thermal conductivity. This work has been carried 
out under the direction of J. F. Clements*, Principal 
Scientific Officer in charge of the Fireclay and Heat 
Insulation Section of the Refractories Division. 


Changes ina High-Temperature Insulating Brick 
During Use 


A gas-fired laboratory furnace, constructed principally 
of high-temperature insulating refractories, was dis- 
mantled for repair after it had been operated for several 
hundred hours at 1,410° C. (the temperature nominally 
equivalent to pyrometric Cone 14, and the commonly- 
used temperature for after-contraction tests) ; in addition, 
the furnace had been used for shorter periods at 1,500° C. 
Although the used bricks were badly cracked, it proved 
possible to build a test-panel suitable for the thermal 
conductivity apparatus ; unused bricks of the same type 
were also available for testing. To take account of the 
greater change in properties expected to have occurred 
near the working face, measurements were made first 
with the panel placed so that the hot and cold faces 
corresponded in relative position to that in use, and 
secondly with the panel reversed. Internal thermocouples 
provided means for the recording of the temperature 
gradient through the panel. The results of this test are 
shown in Fig. 2. 

The zone near the working face was about 1-5 em. 
thick. It will be seen that the thermal conductivity 
of this high-temperature insulating refractory had become 
appreciably increased at the working face as a result of 
its prolonged use at 1,400°-1,500° C., but no difference 
could be detected between the conductivity of the central 
and rearward parts of the used brick. Taking the brick 
as a whole, the increase in conductivity during use had 
been about 5%. 


Firebrick from the Hearth of a Blast Furnace 


The most casual glance at a firebrick taken from the 
hearth of a blast furnace after several years’ use is 
sufficient to reveal the marked change that has taken 
place in the appearance and texture of the brick. The 
conditions in this part of the furnace are such that a 
heavy load is placed on the refractories while they are 
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Fig. 3.—Conductivity-temperature curves for an unused 
fireclay block and for a similar block after use in the 
hearth of a blast furnace. 


continuously maintained at a high temperature ; 
furthermore, the conditions are strongly reducing. 

During the dismantling of a blast furnace that had 
been producing ferro-manganese for three years, samples 
were taken from the hearth; unused samples of the 
same consignment of firebricks, of the 40°, alumina 
type, were also available. The bulk density of the unused 
bricks was about 100 lb./cu. ft. but that of the used 
bricks was 228 lb./cu. ft. Manganese minerals were 
present in the used product, and, during the thermal 
conductivity test, oxidation of the metal also present 
in the brick caused the test-panel to grow to such an 
extent that the test had to be discontinued at a hot-face 
temperature of 650°C. The results of the tests are 
shown in Fig. 3, from which it will be seen that the 
thermal conductivity of this firebrick increased by about 
200%, as a result of the changes that occurred during 
its use. 

Silica Bricks from a Gas Retort 


We have not determined the change in conductivity 
of silica bricks arising from their use in a steel furnace, 
but there may be some analogy with the changes in a 
brick taken from a gas retort. The analogy is by no 
means perfect, however, because in the gas retort the 
silica bricks are subjected to a temperature of only about 
1,400° C., whereas in the steel furnace temperatures 
considerably in excess of 1,600° C. are recorded ; further- 
more, iron oxide is absorbed from the steel furnace 
atmosphere. 

The silica bricks tested were taken from the damper 
tile in the flues of an experimental gas-retort setting that 
had been heated with town gas; the bricks had, in 
consequence of their location, been uniformly heated 
throughout. No samples of the actual consignment of 
the unused bricks were available, but the thermal 
conductivity of the used brick can be compared with 
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Fig. 4._-Conductivity-temperature curves for silica bricks 
after use in the flues of a vertical retort setting. 


18] 


vhich 

ntial 70 

and 

60 yor 

nin ner’ & 

also york 

by pene? ° 

ae 
the 

ual 

ring 

‘on- 

ym- 

and 

AW 

le 
if 

| 

n 

if 

, 

. 

r 

j 

ysed Brick 
2 4 
- 
- 


reasonable confidence with that of other gas-works 
quality silica bricks. The results of such a comparison 
are shown in Fig. 4, from which it may be deduced that 
during use in a gas retort the thermal conductivity of a 
silica brick increases a little (by 5—10°;), while the tem- 
perature coefficient decreases slightly. 


General Conclusions 


As a result of his work, Clements has concluded that 
the increase in conductivity of a refractory during service 
is not large, provided that the refractory is not used 
above the temperature range for which it was intended, 
and is not severely contaminated by foreign materials. 
Under such circumstances, the conductivity should not 
rise by much more than about 10%, and in most 
furnace structures the change will be confined to the 
hot face of the brick, for it is not usual for a brick to be 
exposed to heat on all sides. Much larger changes in 
conductivity may occur if a brick, particularly a highly- 
porous insulating brick, is heated above the temperature 
at which serious contraction begins; for example, a 
normal, clay-bonded diatomite insulating brick, with a 
conductivity, unused, of about 1 B.Th.U./sq. ft./hr./° F. 
in., may be found to have a conductivity at least 50%, 
above this figure if it has been used at 1,000° C. or so 
for a long period. 


Other Work in Progress 


Research on the chemistry of spinels of the type found 
in chrome-magnesite refractories is continuing, and 
evidence is accumulating that the mechanism of the 
* bursting "’ that takes place when this type of refractory 
is attacked by ferruginous matter is associated with 
unequal rates of diffusion during the solid solution process 
of one spinel into another. Some analogy has been found 
in the diffusion process of certain metals. 

In spite of the present great interest in basic refrac. 
tories, silica bricks continue to fulfil the principal needs 
of the steel industry. Some of the quartzites from which 
such refractories are made have been re-examined, and 
the reaction kinetics of the conversion of quartz into the 
forms of silica more stable at high temperatures, have 
been deduced ; the effect of some mineralisers on the 
rate of conversion has been similarly studied. 

Other recent research has included a survey of the 
behaviour of refractories in marine boilers (undertaken 
in co-operation with the British Shipbuilding Research 
Association), and continuation of the research on blast- 
furnace refractories. 

REFERENCES. 
1 Metallurgia, 1952, 46, 191. 
2 Green, A. T., Trans. Brit. Ceram, Soc., 1926, 25, 25%. 


3 Clements, J. F., and Vyse, J., Gas Council Research Communication No, 
GO6, p. 41, 1952. 


Large Scrubber and Screen for W. African Bauxite Plant 


HE machine illustrated here has recently been built 

at Fraser & Chalmers Engineering Works of The 
General Electric Co., Ltd., and was designed as part of a 
complete bauxite ore crushing and w ashing plant ig 
to be erected for the British Aluminium Co., Ltd., 
West Africa. 

The machine will handle 100 tons an hour of bauxite 
ore and is divided into three main sections: scrubbing, 
washing and dewatering. The shell is constructed of 
mild steel plate, the wrapper portion being of 4 in. 
thickness, whilst the feed end, division and screen end 
plates are of § in. thickness. The scrubbing section 
receives — 3 in. pieces of bauxite, water being introduced 
through the feed chute. Chrome steel liners and lifters 
are provided to assist the scrubbing operation. The 
scrubbed bauxite passes to the screening section, which 


is equipped with conical screen plates of 0-35-0-4° 
carbon steel having ,% in. perforations to pass } in. cubes. 
The + }in. — 3 in. material is passed into the dewatering 
section, which is provided with a mild steel spiral to 
assist the discharge of the product. 

The shell of the scrubber screen is fitted with cast steel 
roller rings which run on cast steel rollers. The drive 
for the shell is provided by a cast steel spur ring in mesh 
with a forged steel pinion. The latter is mounted on 
a mild steel pinion shaft which, in turn, is coup ledto 
a reduction gear unit. The gear unit is connected to a 
50 h.p. motor running at 730 r.p.m. Suitable bedplates 
are provided to — the drive and the shell. 


C.P. Stud Welding 


A NEW Stud Welding Organisation has been formed 
recently to operate as a separate entity within the 
Crompton Parkinson group of companies. Its purpose 
is to co-ordinate the sales and engineering facilities for 
both the Nelson and Cyc-Are ranges of equipment, with 
the object of providing a comprehensive service for 
present and future users of stud welding equipment. 
The new organisation is the outcome of the latest 
extension of Crompton Parkinson’s activities in the stud 
welding field, which began in 1948 when the plant 
Division of the company became responsible for the 
Nelson stud welding service in this country, under 
licence from the Morton Gregory Corporation of Lorain, 
Ohio, U.S.A. Stud welding interests were extended by 
the company acquiring the Cyc-Are assets in November 
1952, thus assuming responsibility for the sales and 
servicing of the stud welding equipment of the original 
system developed and introduced by the British Cye-Are 
Company on the basis of experimental work started as 
long ago as 1918. 
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The British Non-Ferrous Metals 
Research Association 


By E. C. Mantle, M.Sc., A.I.M. 
Chief Liaison Officer 


The activities of the B.N.F.M.R.A. cover virtually the whole field of non-ferrous metallurgy 


and in these notes the work of the Association is dealt with in five main sections : copper 
and nickel and their alloys ; aluminium and magnesium and their alloys ; zine and 


galvanising ; lead and tin and their alloys ; 


Ferrous Metals Research Association, partic- 

ularly in relation to the work of other 
research associations in the metallurgical field, 
it is necessary to take some note of the kind of 
industry it serves. The non-ferrous metals 
industry is a heterogeneous one. It embraces 
the extraction and refining of the major non- 
ferrous metals, their processing, and their use 
in the various branches of engineering, and all 
these aspects are reflected in the programme of 
the Research Association. 

The units of the non-ferrous metals industry 
are as diverse as the range of metals, varying 
from very large firms in the extraction and some 
sections of the processing industry to quite small 
firms in other branches. Qne of the big problems 
of any research laboratory, whether industrial 
or co-operative, is to maintain close contact with 
the industry it serves, and to ensure that its 
efforts are always directed along the most useful 
channels. This is never an easy matter, and is especially 
difficult with an industry as varied as that served by the 
B.N.F.M.R.A. It has been overcome partly through 
frequent visits of the Association’s staff to member 
firms, now numbering almost 600. In addition, close 
contact is maintained with the technical committees 
of the various trade associations. But the main way in 
which it is ensured that the Association’s research 
programme truly reflects the needs of the industry is 
through the work of five steering committees, each 
responsible for the research programme of one particular 
section of industry. The members of these committees 
are drawn from the appropriate sections of industry, 
and are selected for their ability to take a broad view of 
the industry’s needs. 

The sections into which the non-ferrous metals 
industry is divided for this purpose are, respectively, 
copper, nickel and their alloys; aluminium and mag- 
nesium and their alloys; zine and galvanising ; lead, 
tin and their alloys ; and chemical and electrochemical 
finishes. They thus cover virtually the whole field of 
non-ferrous metallurgy. In the following notes, it will 
be convenient to consider the work of the Research 
Association under these divisions. It is important to 
remember that work for all these sections is going on 
side by side in the same laboratory, co-ordinated by the 
senior members of the research staff, and it is often found 
that the work carried out for one section of industry 
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and chemical and electrochemical finishes. 


Corrosion test specimens exposed in the London atmosphere. 


leads to suggestions for developments in another section. 
Certain researches are, of course, basic to almost the 
whole of the industry, and responsibility for these is 
assumed by a main Research Board, which also co- 
ordinates the activities of the other committees. 

The period under review (late 1951 onwards) started 
in the middle of an acute shortage of all the main non- 
ferrous metals, and some of the work carried out in the 
past two years has naturally been coloured by this 
position. Fortunately, the supply position is now very 
different, but it has generally been found that the 
results of the work planned to help the industry through 
the period of shortage have pointed the way to the more 
efficient long term use of our metal resources. 


Copper and Nickel Alloys 


In the field of extraction metallurgy, one of the 
projects put in hand at the time of the sulphuric acid 
shortage was concerned with the possibility of using 
direct electrolysis of matte to produce copper and 
elementary sulphur from certain sulphide ores. This 
work has been concluded and the results will be published 
in the near future. Another research has as its object 
the reduction of the amount of copper lost in the slag 
during the reverberatory smelting of copper mattes. A 
basic study is being made of the equilibrium between 
the matte and the slag under various conditions. As 
a preliminary to this study, a survey of information 
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The metal working shop. 


about the physical chemistry of copper smelting was 
carried out : this has since been published! and forms a 
notable contribution to the literature on the subject. 


A basic study has been made of the process of the 
deoxidation of copper by phosphorus, an important 
subject, but one which had received little attention 
hitherto. This study, the results of which were presented 
by Dr. W. A. Baker, the Research Manager, at the First 
World Metallurgical Congress in the U.S.A.?, has enabled 
the embrittlement of low-phosphorus coppers in 
hydrogen-rich atmospheres to be satisfactorily explained. 
Other investigations in progress for the manufacturers 
of wrought copper alloys include problems in connection 
with the hot rolling of tin bronzes and the hot stamping 
of brasses. Co-operative works trials are also being 
conducted with various kinds of refractories suitable 
for lining Ajax-Wyatt low-frequency furnaces, so 
popular for melting brass, to enable these furnaces to 
be used more satisfactorily for melting copper, cupro- 
nickels and other alloys. 

Many papers have been published by the Association 
during the past few years on the casting characteristics 
of the phosphor bronzes and gunmetals. More recently, 
effort has been diverted away from research work into 
development work, to enable the information to be 
applied in practice by the bronze foundry industry. 
Degassing of large melts by scavenging with nitrogen, a 
method used regularly in the laboratory for many 
years, has been carried out in members’ foundries, and 
the advantages of using degassed metal have led to the 
adoption of nitrogen degassing as a routine procedure 
in many bronze foundries. This and the use of metal 
mould reaction as an aid to the production of pressure- 
tight bronze castings were described in one of the papers 
given at the conference on productivity held by the 
bronze foundry industry in June, 1952%. Laboratory and 
foundry studies of the application of various kinds of 
feeder sleeves for reducing the sizes of the feeding heads 
used on some bronze castings led to the development of 
insulating feeder sleeves made from a special porous 
form of plaster of Paris.‘ The information obtained 
from this work has enabled these feeder sleeves to be 
applied immediately in practice, and they are now being 
manufactured commercially. 


Copper alloys are used traditionally to 
resist corrosion, particularly under marine 
conditions, and the work of the Associatioy 
in this field is well known. Considerable 
interest has been shown in the U.S. in the 
method used in the laboratories for assessing 
the suitabilities of alloys for marine condenser 
tubes, and a joint paper on this subject was 
presented by Dr. P. T. Gilbert (of the 
Association’s corrosion section) and Mr, F. 
L. La Que, of the International Nicke! 
Company, at the recent meeting of the 
Electrochemical Society.> In current work 
on condenser tubes, emphasis is _ being 
placed on the behaviour of tube materials 
such as aluminium brass and the cupro. 
nickels in heavily polluted estuarine waters, 
since many power stations and oil refineries 
now being built on river estuaries use these 
waters for cooling purposes. 

To provide the basis of comparison in the 
development of copper-base alloys for use in 
tubular heat exchangers for gas turbines, the 

creep and fatigue properties of two commercial aluminium 
bronzes were studied at 500° C.6 This work was linked 
with other work being carried out partly in the Associa. 
tion’s laboratories and partly extramurally on the scaling 
resistance of these and other copper-base alloys in 
atmospheres similar to the exhaust gases from gas 
turbines.” 


Aluminium and Magnesium Alloys 


The light alloys are materials for which new fields of 
use are always being found. Since the war they have 
been increasingly used in the form of shallow pressings, 
such as panelling for motor cars, refrigerators, and so 
on. The aluminium-magnesium alloys, which have the 
necessary good corrosion resistance and appropriate 
mechanical properties, have been found to show mark- 
ings, when made into these shallow pressings, similar to 
the stretcher-strain markings often found on steel press- 
ings. While not detracting from the functional properties 
of the pressings, these markings mar their appearance, 
and their occurrence has been the subject of an 
investigation, the results of which have just been 
published.* As a result of this research, it has been 
possible to recommend treatments to remove the 
susceptibility of these alloys to the formation of 
stretcher-strain markings.® 

Another of the more recent uses of aluminium alloys 
is for cable sheathing. It is already known that in 
certain soils aluminium alloys are attacked, and work 
is under way to test the effectiveness of various protee- 
tive coatings on aluminium alloys buried in several 
different sites. Other corrosion tests are concerned with 
the resistance of aluminium alloys to various domestic 
supply waters. As a preliminary to this work on cor- 
rosion, a comprehensive review of the effect of impurities 
on the corrosion resistance of aluminium has_ been 
prepared and published.'® 

Since the last review of the work of the Association", 
several papers have been published dealing with various 
aspects of the grain refinement of sand cast aluminium 
and magnesium alloys, and this research has now been 
concluded. The metal/mould reaction which occurs 
when aluminium—magnesium alloys are cast in sand 
moulds has received attention, both fundamental 
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investigations into the mechanism of the 
reaction and practical foundry investigations 
into its suppression having been made.'” 
Satisfactory methods for ensuring sound 
castings up to | in. thick in section or 2 in. 
ii diameter are now available. 

Recently, two research projects of import- 
ance to the production of wrought light alloys 
hve been started. One concerns the 
yarticle size of the intermetallics in billet 
castings for subsequent working: these 
yarticles are particularly important in con- 
nection with the behaviour of alloys during 
extrusion. The other project is closely 
linked with this and concerns the directional 
properties of extrusions. 


Zinc and Galvanising 


Because of the extensive investigations into 
the galvanising process which it has carried 
out over the past 20 years, the Association 
was in a good position to advise its members 
on means of combating the critical supply 
position during 1950 and 1951. The practical develop- 
ment work carried out during that period and the 
demonstrations of the results of the Association’s work 
have clearly pointed the way to much greater efficiency 
in the use of zine in this industry. Although the amount 
of zine picked up by the work was reduced by 15% in 
some instances!’, the improved uniformity of the coat- 
ings ensured that their corrosion resistance was not 
impaired. More recent work has been concerned with a 
study of all the factors contributing to wastage of zinc 
by the formation of dross. The recovery of zinc from 
dross and ash was discussed in a paper published earlier 
this year." 

Other papers have been published on the nature of 
tine corrosion products" ; the effect of annealing on the 


A corner of the plating shop. 


October, 1953 


The machine shop. 


corrosion resistance of galvanised coatings'®; and the 
effect of aluminium and iron on the structure of gai- 
vanised coatings.'” 


Metal Finishing 


What is likely to become an important contribution 
to the technique of electroplating on aluminium alloys 
has been made known by the Association recently.'* 
This is the result of the successful application of earlier 
work on the “zincate method of electroplating on 
aluminium’® to a subsequent study of a commercial 
process in which the initial zine deposit is formed by 
electrodeposition. This latter process involved the 
heat treatment of the electroplated article to ensure good 
adhesion, but the modifications introduced as a result 
of the Association’s study enable this heat treatment to 
be dispensed with. A considerable commercial advan- 
tage of the method lies in the fact that it appears to be 
possible to use bright instead of dull nickel deposits, 
thus eliminating a further polishing operation. 

Considerable attention has had to be given to sub- 
stitutes for nickel plate made necessary by the restric- 
tions on the use of nickel. Exposure tests of various 
alternative coatings have been made, and a survey of 
industrial experience of substitute coatings was pub- 
lished.2° The factors affecting the quality of both nickel 
and chromium plating are also being studied, subjects 
of considerable importance to the finish and service- 
ability of, for example, motor car accessories. 


Lead Alloys 

The two applications of lead alloys with which the 
Association’s research work is mostly concerned are for 
cable sheathing and for water pipes, and although these 
applications might at first sight seem entirely different 
they have, in fact, many things in common. Thus, 
both are produced by extrusion, and in each case 
resistance to both creep and fatigue are important 
requirements. Considerable attention has been 
given to the effect of factors such as the composition 
of the lead, and the rate, temperature, extrusion ratio 
and speed of extrusion on the structure and properties 
of extruded lead. Extensive programmes of creep and 
fatigue tests are continuing on new alloys likely to offer 
the desired combination of high resistance to creep and 
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fatigue, together with ductility under creep conditions. 
Some of the results on reverse bending fatigue tests on 
lead alloys have been published.*! 


General Researches 


One of the most important of the researches in pro- 
gress, but which does not fit into the sections so far 
mentioned, is being carried out on behalf of the Ministry 
of Supply on the properties of titanium alloys at elevated 
temperatures. This work has enabled the staff of the 
Association to gain valuable experience in the melting 
and working of this new metal. Two methods of melting 
are in use at present in the laboratories. One involves 
melting in vacuum in a graphite resistor furnace, and in 
this method contamination of the metal with carbon, 
which affects the properties of the alloys, is inevitable. 
More recently an are furnace has been made in the 
laboratory workshops, enabling the titanium alloys to be 
melted free from carbon contamination in an atmosphere 
of argon. Both of these furnaces have been described 
in detail in a previous article in this journal.?* 

Methods of analysis for the better control of the com- 
position of products form an important part of the work 
in the laboratories. Following the installation of a 
Quantometer (a direct reading spectrograph) in 1951, 
considerable progress has been made with a study of the 
analysis of copper alloys for both minor and major 
constituents, This instrument has also been invaluable 
in augmenting the simple direct reading spectrograph, 
adapted some time ago from an ordinary prism spectro- 
graph, in the study of the characteristics of the various 
kinds of electrical discharges used in spectrographic 
analysis.*° 

Much work on improved methods of analysis is done 
in collaboration with member firms. Both spectro- 
graphic and chemical methods are examined in this way 
and papers have been published dealing with co-operative 
work on solution methods of spectrographic analysis**, 
analysis of complex aluminium bronzes® and _ polaro- 
graphy.”* 


Information and Liaison Services 


The foregoing deals mainly with the work of the 
Research Department, but it should be borne in mind 
that the Association is regarded by its members as a 
centre to which they can turn for all kinds of informa- 
tion connected with metallurgy, and for help with their 
day-to-day technical problems. For example, last year the 
library sent out nearly 10,000 loans in connection with 
the information service. About 1,000 major technical 
enquiries were dealt with by the Liaison Department 
during the same period, many of which involved visits to 
members’ works; these are in addition to numerous 
minor enquiries which reach both the Liaison and 
Information Departments. The work of the Liaison 
Department also includes the practical development of 
the results of the Association’s research work, as well as 
periodic visits to ensure that members are kept appraised 
of the work going on in the laboratories. This service 
augments the B.N.F. Review, a publication prepared 
jointly by the Liaison and Information Departments with 
the special purpose of providing concise, easily readable 
accounts of research reports released to members. This 
effort to enable the results of the research work to be 
easily assimilated is greatly appreciated by members, 
and the B.N.F. Review, which is confidential to member 
firms, is widely read by their staffs. 
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A.D. ).A. Changes 


Tre Aluminium Development Association announces 
the following changes in the membership of its Council 
and Executive Committee. 

Couneil 

Mr. H. E. Jackson has resigned from the A.D.A. 
Council following his retirement from the Board of 
Imperial Chemical Industries, Ltd. (Metals Division). 
His place has been taken by Dr. Maurice Cook. 

Mr. G. A. Wooprurr resigned on retiring from 
J. Stone & Co., Ltd. He represented L.M.F.A. Develop- 
ment, Ltd. on the Council and his place has been taken 
by Mr. J. F. Paice of William Mills, Ltd. 

Mr. C. W. CumBER, representing Richard Thomas & 
Baldwins, Ltd., has resigned on taking up an oversea 
appointment with his Company ; his successor has yet 
to be appointed. 

Executive Committee 

Following the appointment of Dr. Maurice Cook to 
the Council, he has been succeeded on the Executive 
Committee of the Association by Dr. N. P. Iverts. 

Mr. F. G. Woottarp has resigned, following his 
retirement from the Birmid Group, and his place has 
been taken by Mr. Haroitp Goopwin of Birmetals, Ltd. 

Mr. F. R. C. Smrru has also resigned, since in his new 
position in the Aluminium Ltd. Group it was impractic- 
able to continue representing Aluminium Laboratories, 
Ltd. on this Committee. Mr. J. H. Mayes of Northern 
Aluminium Co., Ltd. has been appointed in his place. 
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The British Welding Research Association 


By K. Winterton, Ph.D., B.Sc., A.I.M., A.M.Inst.W. 


Chief Ferrous Metallurgist 


This has been a year of consolidation in respect of the new facilities, and particularly the 


new fatigue testing laboratory. 


New researches have been started, and in this article an 


attempt is made to give an idea of the variety of work now in hand, apart from the 
important progress made during the last twelve months in the principal engineering and 
metallurgical investigations. 


ROGRESS of the British Welding Research 
P Association during the last year can be measured 

by the fact that several new members have joined, 
and the income stands higher than in any previous year. 
This expansion is reflected in an increase in the number 
of staff, in the initiation of new research activities, and 
in solid progress in the main fields of work. Important 
use has already been made of the new fatigue testing 
laboratory at Abington, opened last year, which now 
houses most of the fatigue work, and which is in active 
use. Fig. | shows a view of the interior of the laboratory. 
Some of the apparatus in use can be seen in the fore- 
ground, and the Losenhausen machine is in view at the 
far end of the building. 

Several new research contracts have been placed with 
the Association by Government Departments, and the 
resulting co-operation between the Association’s staff 
and technical staffs of the Ministries has had great 
advantages for both sides. In addition, friendly rela- 
tions have continued between the Association and other 
bodies—research associations, the universities and 
professional and trade organisations. Liaison of this 
sort has resulted in agreement on the subject of a joint 
welding journal now to be published monthly on behalf 
of the Institute of Welding and the Association: it 
is expected that publication will begin in January, 1954. 
Members of the staff of the Association have assisted on 
committees from other organisations, and in particular 
those of the Institute of Welding, the Electrical Research 
Association and the British Standards Institution. 


General Progress 


Later in this report, there is a brief account of the 
progress of the current investigations over the past year, 
but special attention should be drawn to the contribution 
which has been made to the subject of brittle fracture. 
It is thought that a significant contribution has been 
made to this important problem, and special arrange- 
— have been made for the publication of the work 

one. 

In a similar way, some novel work carried out in the 
metallurgical laboratories has shown that it is practicable 
to use nitrogen as a shrouding gas in the welding of 
copper. The new process for copper and its alloys, 
which may be called “ Nitrogen-Are Welding,” has 
aroused considerable interest amongst members and 
other users. 

A handbook on the ‘ Welding of Corrosion and Heat- 
Resisting Steels’ was published by the Association in 
January, 1953. Also during the year—and this perhaps 
gives some measure of the practical value of the research 
—a number of patents have been taken out, based on 
developments which have been made during the course 
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Fig. 1.—View of the interior of the new fatigue labora- 
tories at Abington. 


of the investigations, and an agreement has been 
entered into with the National Research and Develop- 
ment Council whereby inventions will be developed and 
exploited to the advantage of members of the 
Association. 

Increasing recognition has been given over the past 
few years to the importance of hydrogen content as a 
factor in various welding problems, and the Association 
has now provided facilities for micro-gas analysis, 
particularly for hydrogen. The apparatus, which is 
shown in Fig. 2, will be used for the estimation of 
hydrogen in both steels and light alloys by vacuum 
heating. It will also be necessary later to give some 
attention to the estimation of hydrogen by vacuum 
fusion. This poses additional problems. There is no 
question of routine about this kind of analysis; for 
example, one of the problems in connection with mild 
steel weld metal will be the hydrogen associated with 
non-metallic inclusions, whilst in the light alloy field 
one of the problems will be the assessment of the 
hydrogen produced from hydrated oxide films on the 
surface of aluminium alloy wire on heating. 
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Fig. 2.—-Apparatus at Park Crescent for the estimation of 
hydrogen in weld metal. 


In all, about 20 reports have been issued to members 
describing various aspects of the work, and about the 
same number of papers have been published by members 
of the staff during the year, in particular, five papers by 
Cottrell and his collaborators cov ering various aspects 
of the investigation on high tensile weldable structural 
steels. The issue of reports and papers is the most 
important means for the dissemination of the results of 
the Association’s work, a it is interesting to record 
that during the last year 27 lectures have been delivered 
in various parts of the country by the senior staff. 

Membership of the Association, always an indication 
of satisfactory progress, has continued to show a 
gratifying upward trend during the year, and at the 
present time there are 263 ordinary members and 29 
associate members, comparative figures for the corres- 
ponding period last year being 239 and 25 respectively. 
The staff of the Liaison and Development Department, 
though now reduced in number, continues to give a 
useful service. Many problems have been investigated 
during the year, and in nearly all cases satisfactory 
solutions have been found. Apart from a great number 
of smaller enquiries, some short investigations have 
been undertaken by the research staff at the request of 
members. Special reports were prepared covering this 
work, and some idea of the diversity of the work 
entailed can be seen from the fact that the subjects 
included oxy-propane welding, bare wire arc welding, 
and the spot welding of Nimonic 75. 

The Summer School, held at Ashorne Hill, from 
April 27th to May 2nd, 1953, was filled to capacity for 
the third year in succession. There was some departure 
from the tradition of imparting simple instruction in the 
art of welding, and the general theme this year was 
Welding Fabrication and Production. The students 
were grouped according to their special interests, i.e., 
the aircraft, shipbuilding, structural engineering, car and 
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sheet metal, and general engineering industries. The 
success of the School was apparent from the many 
expressions of appreciation, and already provisional 
arrangements have been made for a similar function 
next year. 


Special Researches 

Brittle Fracture 

The importance of this problem continues to be 
underlined by sporadic cases of catastrophic failure, and 
the Association has now initiated an investigation of the 
mechanics of brittle fracture. From this work, two 
significant contributions have been made, firstly in 
establishing the important part played by strain 
hardening in initiating fracture at the root of a notch, 
and secondly in the development of a simple method for 
the accurate measurement of the energy absorbed in 
creating unit surface area of crack by recording the 
temperature wave released. From this investigation 
has derived the concept of a minimum size or length of 
crack for the propagation of fracture to take place ata 
given general elastic stress level. It seems likely that 
in this way it will be possible to assess on a more 
scientific basis suitable tolerances for weld fault sizes. 


Nitrogen-Are Welding of Copper 

Nitrogen as a shrouding gas is not suitable for most 
metals, but is inert with respect to copper and its 
alloys. A short investigation in the Association's 
metallurgical laboratories has established the feasibility 
of a new proces: ren-are welding—for these 
materials. Graphite electrodes were used in place of 
tungsten electrodes, as the latter tended to be attacked, 
to some extent, by the nitrogen at high temperatures. 
Using a slightly greater gas flow than is used in the case 
of argon, welds were obtained reasonably free from 
porosity and with good mechanical properties. 


Metallurgical Researches 


Mild Steel Weld Metal 

The construction of a furnace has been completed, to 
be used in conjunction with a tensile testing machine for 
tests in hydrogen and other atmospheres at high tem- 
peratures. The recent advance in the facilities for 
routine and special gas analyses has made it possible to 
plan a broad constitutional approach to the problem of 
hot cracking in mild steel weld metal. 

A new micro-X-ray method is being developed at the 
Northampton Polytechnic in connection with a pro- 
gramme of work on the identification of inclusions in 
weld metal. A number of the more recent types of 
electrodes are being examined, and the effect of are 
length on the type of inclusions present is also receiving 
some attention. 


High-Tensile Alloy Steels 

A wide range of alloy steels containing fixed carbon 
and molybdenum, and with varying nickel, chromium 
and manganese, has been examined for weldability and 
proof strength. Alloying elements are regarded as 
efficient when they impart high proof strength without 
impairing weldability. From this point of view the 
best alloying elements to choose are chromium, man- 
ganese, nickel and carbon, in decreasing order of 
efficiency. It has been shown that in this type of steel 
vanadium can be substituted for molybdenum, retaining 
good weldability and mechanical properties. Hydrogen 
depresses the temperature of the austenite /martensite 
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transformation. In addition, using a thermal treatment 
simulating conditions in the hardened zone, it has a 
deleterious effect on mechanical properties, particularly 
statie tensile strength. 
Cracking in Welded Gas Mains 

An attempt is being made to discover the active 
constituents responsible for the stress-corrosion cracking 
of mild steels in welded gas mains. For this purpose, a 
range of H,S/NH, solutions has been tried, the grain 
boundaries of the steel being examined for signs of 
attack. This has proved negative, but it is thought 
that the addition of HCN to this type of solution will 
yield more positive results. 
Oxygen Cutting 

It has been shown that the combustion rate of steel 
in oxygen is affected both by impurity in the oxygen and 
by the percentage of carbon in the steel, the latter 


Fig. 3.—Portable back-pack unit for self-adjusting arc 
welding, designed and built in the laboratories. 
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having an effect five times as great as the former. With 
a limiting carbon content of about 14°, combustion 
stops altogether. 


Fusion Welding of Light Alloys 

A controlled are welding head has been constructed, 
and is now available for tests in connection with work 
on the self-adjusting are and controlled are welding of 


magnesium alloys. In collaboration with the Electrical 
Research Association, a joint investigation is being 
undertaken to examine the fundamentals of the self- 
adjusting are process. Good progress has been made in 
the investigation of the relationship between the various 
fundamental factors, and this will be used to examine 
the more complex factors such as weld penetration. 
The present programme is designed to investigate the 
cause of porosity and its control, and for this purpose 
determination of hydrogen by vacuum fusion, using the 
apparatus described earlier, will be required. 


Welding of Heat-Treatable Light Alloys 

A good deal of emphasis is now being given to the 
fusion welding of heat-treatable aluminium alloys, and 
preliminary work has shown the amount of cracking 
experienced under conditions of restraint, using both 
the argon-are and self-adjusting arc processes, was 
appreciably less than that expected from the published 
literature. It has been found that, after heat treatment, 
joint efficiencies of not less than 90°, can be obtained. 


Self-Adjusting Arc Process 

Fig. 3 shows a portable back-pack unit designed and 
built in the laboratories of the Association, this being a 
development from the use of the self-adjusting are 
process for light alloy researches. Fig. 4 is a photograph 
of M.L. Queen Elizabeth, owned by Thames Launches, 
Ltd. The superstructure, in N.5 sheet, was welded by 
the self-adjusting are process by B.W.R.A. on behalf of 
the Aluminium Development Association. A good deal 
of valuable experience was gained in the use of the 
process for various joints under practical conditions. 


Engineering Researches 


Load-Carrying Capacity of Frame Structures 

With regard to the new plastic design methods 
associated with the name of Professor Baker, good 
progress has been made in the further application of 
these methods by the study of problems such as the 
instability of continuous stanchions; the lateral 
instability of beams ; the behaviour and design of rigid 
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Fig. 5.—Axial-load fatigue test on mild steel plate 
specimen in 100-ton hydraulic machine. 


welded joints; and the plastic behaviour of unsym- 
metrical sections. A pair of full-scale pitched roof 
Portal frames with fixed bases was tested to destruction 
at Abington in the Summer of 1952, and a full report 
of this test has now been prepared. 
Welded Structures under Dynamic Loading 

Fig. 5 shows a specimen being tested in the [osen- 
hausen machine, and is representative of the main item 
of research on fatigue, i.e., a long term investigation of 
the fatigue strength of butt and fillet welded joints in 
mild steel. At the moment, basic data is being obtained 
on mild steel plate, but eventually this work will be 
directed towards a study of the correlation of fatigue 
results with the radiographic appearance of the welds, 


Fig. 7.—Spot welding current and load recorder for 


workshop use, designed and built in the laboratories. 
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and for this purpose will embody tests on defectiy 
welds. 

Tests on high-tensile steel structural members by 
push-pull fatigue were completed during the year, the 
tests being designed to examine two series of specimens 
differing in the extent of micro-cracking in the heat. 
affected zone adjacent to the welds, to elucidate the 
effect of this cracking on the fatigue strength. 


Welded Pipes and Pressure Vessels 


Fig. 6 shows a bend test on a welded branch connection 
simulating pipe line expansion movement, part of an 
investigation on stress and flexibility analyses of pipe line 
components. Good progress has been made in the 
measurement of stresses in pipe branch connections, and 
tests have been made both on seamless welding tees and 
unreinforced welded branch connections. In connection 
with the work on stresses in welded pressure vessels, 
attention is now being directed to the investigation of 


Fig. 6.—Welded branch connection arranged for bend 
test to simulate pipe line expansion movement. 


nozzles with plate type reinforcements. Two series of 
fatigue tests on 2 in. diameter mild steel pipes have been 
completed, the first series under alternating bending and 
the second under pulsating pressure. At the present 
time, attention is being given to the influence of the 
surface condition of internal welds. 
Welded Chains 

A programme of work has,already been planned, the 
object of which will be to determine the suitability and 
reliability, not only of tests at present prescribed, but 
also of certain other tests. 

Resistance Welding 

Projection Welding 

A further series of tests has been carried out on 
double projection welding of low-carbon mild steel sheet. 
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An important aspect of the work lies in the preparation 
of a code of practice for the projection welding of mild 
steel, which will shortly be available to members. 
Satisfactory results have been obtained from a series of 
tests on the resistance welding of bolts with the 
projections on the underside of the bolt-head. 


Spot Welding 

Fig. 7 shows an instrument for recording spot welding 
current and load for workshop use, designed and built 
in the Association’s laboratories. A revised interim 
code of practice has been completed for the spot welding 
of low-carbon steel. The effect of steel quality on spot 
welding has been examined, and more recently additional 
experiments have been made to determine the effect of 
the final skin pass reduction after annealing. Methods 
for the measurement of a temperature cycle during a 


spot weld are still being investigated, and a theory 


which relates energy and weld time to the size of the 
weld, developed in connection with this investigation, 
has been used successfully to predict welding conditions 
in a series of projection welding tests. 
Light Alloy Spot Welding 

Memorandum of Industrial Practice for Spot 
Welding Light Alloys” is being revised, and will 
incorporate the results of the experimental work done 
by the Association. It is hoped to extend the investiga- 
tion of the spot welding of aluminium alloy materials, 
using a three-phase frequency-changer type spot 
welding machine. Some experiments have also been 
made to determine the possibilities of reducing the 
power demand for spot welding light alloys, using a thin 
Jayer of brazing alloy on the faying surfaces of the 
sheets. The results have been encouraging. 


New Factory for Honeywell-Brown 


INNEAPOLIS-HONEYWELL, a firm 
M of long-standing importance in the 
United States, set up marketing and 
service facilities in Britain in 1936, and soon 


its Modutrol series of proportioning controls 
for heating and ventilation were being 
widely used. At the same time, Brown 
potentiometers and flowmeters were finding 
favour with other branches of industry. 

After the war, it became obvious that to 
meet the growing demand it would be 
necessary to establish manufacturing facili- 
ties here, and to extend the existing market- 
ing organisation. In 1949, therefore, with 
the full co-operation of the Board of Trade 
and the Ministry of Supply, the firm started to 
manufacture Brown Electronik Continuous- 
Balance Potentiometers at Blantyre, Lanark- 
shire. The initial plan was to assemble 
American components, with the idea of 
replacing the imported parts by British 
equivalents over a period of three years. 
As the American content decreased and the 
British content increased, the opportunities 
to sell in foreign markets grew, and to-day 70°, of 
Honeywell-Brown production goes overseas, to both soft 
and hard currency countries. 

By 1952 it was clear that the 30,000 sq. ft. floor space 
at Blantyre would be inadequate to meet future produc- 
tion requirements and the entry into the fields of flow 
and pressure control. With the help of the Ministry of 
Supply, the Board of Trade, and Scottish Industrial 
Estates, Ltd., negotiations were soon completed for a 
move to 70,000 sq. ft. premises seven miles away at 
Newhouse, near Motherwell. The new factory is of 
single floor construction, with two-storey offices, and the 
entire transfer was effected during the fortnight of the 
works holiday. 

Along the back wall of the factory runs the totally 
enclosed stores, and at the end of the building are the 
finishing shops and toolroom. The former are equipped 
with water spray paint booths, infra-red drying ovens, 
and the most up-to-date chemical degreasing and rust 
prevention plant. The toolroom, well equipped, includ- 
ing a fully enclosed automatically controlled heat 
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General view of toolroom. 


treatment section, has produced almost every press tool 
used in the factory. 

The central area accommodates the machine shops, 
press shops, drill shops and metal work shops. Progress 
booths and foremen’s booths are suitably located to 
keep a close watch on the even flow of production. A 
glass partition across the factory segregates the manufac- 
turing from the assembly section for the purpose of 
reducing noise level and dust movement. 

The new factory gives facilities for doubling the labour 
force and more than doubling the present output. In 
addition the spare land adjacent to the factory can 
accommodate a further 50,000 sq. ft. of floor space. 

During its 44 years of manufacture, Honeywell-Brown 
has moved from a currency-spending to a currency- 
earning organisation. In the future, the company looks 
to opportunities to develop reciprocal trade with its 
world-wide associated companies. It hopes to be able 
to sell back into American markets its own products, 
and to buy from these markets forms of automatic 
control not otherwise available in this country. 
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Production Engineering Research 


Association 


By Dr. D. F. Galloway, Wh.Sch., M.I.Mech.E., M.I.Prod.E., 
M.I.1.A., A.M.I.E.E., B.Sc.Hons., M.Inst.Pet. 


Director of the Association 


The increased demand on the services of the Association has led to a project for the 

building of a further laboratory which will house metrology and metallurgy laboratories 

in addition to offices and workshops. An outline of the work in progress is presented here 
together with an indication of investigations contemplated. 


HE most significant feature of the past year has 
been the increase in the number of requests for 
assistance and information received by PERA 
from member-firms. This, coupled with the increased 
demand on the practical research facilities, has led to 
plans for expanding the Association’s capacity and 
services, including the provision of a mobile demon- 
stration unit which is expected to begin a tour of Britain 
early in 1954. The object of the mobile unit is to 
demonstrate to workshop personnel the latest develop- 
ments in tool grinding techniques, tooling for sheet 
metal work, impact extrusion, etc., and to disseminate 
information on new techniques by means of films and 
other visual aids. 

In anticipation of the need for further development, 
PERA Council had already authorised the acquisition 
of 18 acres of land adjacent to the existing premises at 
Melton Mowbray. The first addition to the present 


range of laboratories and workshops will be a permanent 
building with a floor space of about 50,000 sq. ft. This 
new building will contain extensive workshops and 
offices and will also house metrology and metallurgy 


The optical comparator shown here 
has an exceptionally large screen 
and a power-operated table. 


the Mutual Security Agency with the assistance of the D.S.I.R. 
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This micro-hardness tester makes 
use of an impression size down to 
about 5 microns‘and is used for the 
hardness testingof very small areas. 


Two of the items of equipment recently received from the U.S.A. through and 


laboratories adequately equipped to support research 
programmes on a larger scale than at present. The 
Department of Scientific and Industrial Research has 
agreed to bear a part of the cost of the new building, 
providing industry contributes a similar amount. 
Membership of the Association continues to increase, 
and now comprises more than 375 firms representing all 
sections of the engineering industry. The increasing 
diversity of products made by the growing membership 
has caused the Council to enlarge the Technical Policy 
Committee to include representatives from additional 
sections of industry. The Technical Policy Committee 
controls the scope of the research programmes, and 
appoints the technical committees which lay down the 
details of the research programmes on specific aspects of 
metal cutting, presswork, finishing, ete. The recom- 
mendations of the Advisory Panels representing various 
sections of industry, e.g., makers of aircraft and road 
vehicles, electrical manufacturers, rolling stock makers, 
etc., are considered by the Technical Policy Committee, 
who allocate research capacity and priorities for the 
investigations which are to be pursued. 
One of the greatest factors promoting 
eee the growth of interest in the work of 
"= PERA has been the wide range of per- 
sonal contacts established with industrial 
personnel who have attended open days, 
refresher courses, etc., at the Association's 
headquarters. 


Research Programme 

Equipment 

The delivery of equipment being pro- 
vided by the Mutual Security Agency 
through the D.S.I.R. has continued 
throughout the year. Equipment recently 
received through the M.S.A. includes a 
cold-heading machine, broaching and 
honing machines, tool grinding machines, 
and a flat-die thread rolling machine. 
Testing equipment includes a lubricant 
testing machine, and an Anderometer for 
obtaining a numerical quality rating of 
assembled ball bearings. Other equip- 
ment obtained to assist in the work of 
research includes electronic apparatus 
equipment for the analysis of 
oils and greases, including an Abbe 
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refractometer. organic combustion furnaces, centrifuges, 
thermostat bath, and calorimeter bomb set. Member- 
firms have assisted by lending items of equipment. 

A few of the investigations in progress during the year 
are briefly described below. 


Metal Cutting 

A report on the first part of the research into tapping 
has been published. This deals with the relationship 
between core hole size, tapping torque and thread 
strength. Recommendations for thread depth are 
given, and in factories where these are followed many 
tapping difficulties such as swarf jamming or breakage 
of taps in the components can be overcome. The work 
on tapping is now being continued with investigations 
into tap accuracy and performance. 

Opinions have always differed on the effect of tool 
finish on tool life and surface finish in machining 
operations, and tests have been in progress to provide 
information on this subject. Investigations to determine 
the optimum cutting conditions for drills, and to 
compare their geometric features and performance, are 
also in progress. The tests will be made on drills supplied 
by British and foreign manufacturers. 

Preparations are well advanced for determining the 
effect of reamer shape and cutting conditions on the 
accuracy and finish of reamed holes in various materials. 
Reamers with different arrangements of cutting edges 
will be used, including both spiral and straight flute 
types. Comparisons will also be made between reamers 
with relieved lands and those having cylindrical lands. 

During the period under review, the work has included 
an investigation to determine whether there are advan- 
tages in feeding coolant through the pores of the wheel 
during cylindrical grinding. A series of similar experi- 
ments is being made to assess the value of the internal 
application of cutting fluid on surface grinding machines. 

Investigations have also been in progress to determine 
the manner in which cylindrical grinding characteristics 
depend on the wheel grade and the feeds and speeds 
used in any particular operation. Wheel-dressing 
techniques, too, have been the subject of study. 


Metal Forming 

Among the factors which give particular importance 
to PERA’s research programme on metal forming are 
the large savings in material and manufacturing time 
which industry can eventually make by the utilisation 
of methods sueh as impact extrusion and thread rolling. 


Thread Rolling 

Much of the practical work has also been completed 
for this investigation. Advocated by a number of 
Advisory Panels, the experiments have been made to 
determine the blank diameter required for the rolling 
of unified screw threads for various classes of fit. Further 
work to be carried out will include a study of die life 
and rollability of materials. 


Impact Exirusion 

Work in this very wide field is now proceeding to 
determine the effect of material analysis, component 
dimensions and slug temperature, on the loads required 
for the impact extrusion of various metals. Considerable 
progress has already been made on aluminium, duralu- 
min, zinc and copper. The investigations now to be 
carried out on the cold extrusion of steel will be of special 
significance in view of the lack of progress on this 
subject in Britain. 
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PERA engineer at a member firm commenting on the 
advantages of grinding drills to an improved point shape. 


Bianking, Piercing and Deep Drawing 

The drawing lubricant investigations showed notice- 
able differences in performance between lubricants of 
various types, the speed of drawing also tending to 
affect results. Dilution was found to be an important 
factor in the case of water-soluble or paste-type 
lubricants. 

Practical work has now been completed on the series of 
investigations to determine the punch load and stripping 
force (and relationship between the area of sheared edge 
and punch load) when blanking different materials and 
thicknesses, using various clearances and_ speeds. 
Successful tests have also taken place to determine the 
conditions for directly producing high quality sheared 
edges by blanking and piercing. The application of the 
results will, in some cases, eliminate the need for a 
finishing operation on the edges of the blanked 
components. 


Bend Allowances 

Much interest has been taken in the second report on 
bend allowances, which gives formulae for the amount 
of material to be allowed when forming 90° bends in 
various thicknesses of sheet materials. The materials 
used in these tests were aluminium alloy, brass, copper, 
mild steel and spring steel, and a simple formula, based 
upon the punch nose radius and thickness of stock, was 
evolved for each material. A wide range of nomograms 
was included in the report in order to give a rapid and 
convenient method for determining approximate allow- 
ances. Marked variations had been found in bend 
allowance formulae previously used in industry. 


Machine Tool Investigations 

The reports of these researches serve to acquaint the 
user of machine tools with the standards of accuracy 
and performance to be expected from his plant, to assist 
him in the selection of machine tools in the future, and 
to form a basis for checking that his existing machines 
are maintained to give the required accuracy and 
performance. 

Following the tests on general purpose lathes and 
radial drilling machines, the first part of the investigation 
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Demonstrations at PERA showing flat die thread 
rolling (foreground) and impact extrusion. 


into milling machines has been completed. The report 
gives member-firms representative data on the per- 
formance of three horizontal milling machines. It 
consists of sections dealing with accuracy, efficiency, 
deflection, rough and finish milling, vibration, ete. 
Each section describes fully the methods used and gives 


detailed results and the conclusions drawn. The second 
part of the report on horizontal milling machines is being 
prepared, and will cover various aspects of their design 
and use. 

An investigation into the types of surfaces, materials 
and lubricants for machine tool slideways has resulted 
in the publication of the memorandum “ Developments 
in the Study of Metal and Plastic Slides.” Little work 
has previously been done in the field of machine slide- 
ways, the limited progress which has been made being 
due to the use of more efficient lubricants rather than 
to improved bearing materials. Tests were therefore 
conducted at PERA on a boring machine fitted with 
two tables, one having cast iron and the other laminated 
plastic slideways. Special equipment was designed to 
measure the frictional force under different test con- 
ditions and with varying methods of applying lubricant. 
Practical tests were also conducted on the frictional 
behaviour of cast iron, five different lubricants being 
used, namely light and heavy oils, soluble oil, graphited 
oil and molybdenum disulphide. Data obtained from 
these preliminary tests will be of value in further 
investigations which have been proposed, including tests 
on plastic materials which appear to have properties 
required by sliding surfaces. 

The jerky motion sometimes encountered in slideways, 
known as “ stick-slip ”’ is also to be studied closely. This 
alternate sticking and slipping becomes quite violent 
under certain conditions; accurate setting of the 
machine table by hand becomes difficult and the finish 
of the work is impaired. Although the problem is 
complex, it is hoped that observations now in progress 
will provide a “ stick-slip ” index for various materials 
and lubricants under given conditions. 
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Among other investigations in progress, the perfor. 
mance of rolling bearings for machine tools is bei 
studied, and a report on this subject will be available in 
due course. 

Other Research Activities 

Various new techniques are being investigated. Such 
a process is the recently developed “ Hi-Jet ” method 
for the lubrication of cutting tools in which the usual 
method of flooding the chip and tool from above js 
superseded by directing a small high-speed jet of special 
coolant from underneath the tool. It is claimed that the 
process gives longer tool life with conventional cutti 
speeds and feeds or, alternatively, considerably higher 
cutting speeds can be used without reducing tool life, 
These and other advantages claimed for the process are 
being investigated in PERA workshops. 

Among other processes being studied are the de. 
burring of components after machining or other 
operations, and the electrolytic polishing of metals. The 
experience already gained in industry on de-burring 
processes is being utilised, and personnel from member. 
firms particularly concerned with de-burring problems 
are being seconded to the research team concerned to 
assist in the investigations. The wider adoption of 
electrolytic polishing of metals is also important, in view 
of the laborious methods involved in many mechanical 
polishing operations and the disadvantages which often 
accompany polishing by frictional methods. Electro- 
lytic polishing plant has therefore been installed, and 
it is anticipated that stainless steel will be among the 
first metals on which polishing tests will be carried out. 


Information Services 
Technical Enquiry Service 

Problems dealt with by this service embrace every 
branch of production engineering, and the mounting 
number of enquiries being received bears witness to the 
value of this work. All are requests of a technical 
nature which can be answered by applying knowledge 
of existing practice, and during the last year more than 
1,000 such problems have been dealt with. Solutions 
to many of the problems lie within the combined 
experience of the enquiry engineers but, when necessary, 
they are able to consult external sources as well as the 
specialists in the Association’s research departments. 

Direct substantial savings in production costs have 
resulted from assistance given through the Technical 
Enquiry Service, but the savings in executives’ times is 
also important. Managers and others find it a great 
advantage to pass on to PERA those problems and 
snags to which they cannot give adequate attention due 
to pressure of other work. When it is considered 
desirable or helpful, PERA engineers travel to 
examine the problems at members’ works and 80 
discuss, on the spot, ways and means of providing 
solutions. Similarly, personnel from member-firms who 
seek information urgently are welcomed at all times at 
PERA headquarters. 

Answers to enquiries are given on every type of 
production operation, from the raw material stage to the 
packing and despatch of the finished product. Examples 
of problems recently dealt with include the flaring of 
bundy tubing by machine, giving considerably lower 
production times than previous hand methods; 4 
method of securely joining conductors used in signalling 
systems ; and recommendations for the removal and 
handling of swarf in a large works. Other enquirers 
seek information on those techniques which are now 
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coming into greater prominence, such as 
impact extrusion, abrasive belt grinding, 
recision casting processes, flaw detection 
methods, etc. Data from researches previously 
carried out prove of great value when giving 
recommendations on cutting speeds, feeds, 
and tool angles for various applications. 


PERA Bulletin Service 

More than 400 journals, published in 
different countries, are scrutinised each month 
in order to assess the information value of 
their articles to the Association’s members. As 
a result, abstracts of more than 600 informa- 
tive articles are now printed each month in 
the PERA Bulletin, the use of which in 
member-firms results in large savings of 
time, as significant developments can be 
studied without a long search through original 
publications. Executives and other key 
personnel can therefore quickly decide upon 
the articles and reports they wish to borrow, 
inorder that they may keep abreast of current 
developments. 25,000 abstracts have now 
been published in the Bulletin, copies of which circulate 
to over 10,000 persons in industry. 


Member- Liaison 

This valuable service has been fully maintained 
during the year, as the Association is anxious that the 
application of research results is continually secured by 
the membership. Immediately a company has been 
admitted to membership, an appointment is made for 
one of the Association’s engineers to visit the factory in 
order to explain in detail the way in which PERA 
services operate. Thereafter liaison visits are made 
regularly to ensure that the production personnel 
concerned are fully aware of the way in which the latest 
research results may be applied, and also to check that 


Sir William Stanier, President of the Association, 
accompanied by Sir Lionel Kearns, Chairman of 
Council (right) and Dr. D. F. Galloway (left) in 

PERA workshops. 


October, 1953 


The scene in the temporary conference hall during PERA Conference 


on Preventive Maintenance. 


satisfaction is being derived from information services 
as a whole. 

A tour of the works generally allows the PERA 
engineer to meet departmental managers, foremen, and 
other key personnel so that existing problems may be 
discussed on the production site. Suggestions and 
recommendations are often made immediately, but when 
it is considered by the visiting engineer that a problem 
requires more detailed investigation, complete particulars 
are brought back to Melton Mowbray for further 
consideration. A subsequent visit may be made by an 
engineer specialising in the work concerned, for a study 
of the problem on the production site. 


Refresher Courses, Training Schemes and Demonstrations 


One of the best means of distributing information on 
advances in production practice is by demonstrating the 
operation of new techniques and equipment. Accord- 
ingly, special exhibitions are periodically arranged at 
the Association’s headquarters to demonstrate the 
practical application of recent developments in the field 
of production engineering. In the past year, these 
demonstrations have included such processes as electric 
spark machining, friction cutting, gamma-ray crack 
detection, Hi-Jet cutting fluid application, electrolytic 
polishing, etc. 

Marked appreciation is being received from an 
increasing number of participants in the refresher 
courses, at which managers and supervisors may observe 
the progress of the various researches, and learn at first 
hand the results of the investigations completed. The 
realisation that without well-designed and carefully 
maintained tools the most adept and conscientious 
operator cannot produce with highest overall efficiency, 
has prompted member-firms to send foremen or other 
personnel to the courses arranged by the Association, 
for instruction in the most up-to-date tool grinding 
techniques. A new series of refresher courses, dealing 
with developments in press-working techniques took 
place during the year. Participants were especially 
interested in the highly developed blanking technique 
evolved at PERA for the production of heavy gauge 
stampings with high quality edges requiring no further 
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Personnel such as toolroom foremen continue to visit 
the workshops for courses individually arranged to 
provide them with the latest developments in effective 
tool-grinding techniques. 


PERA Student Scheme 

Twelve students attended during the past year, each 
spending six months with one of P.E.R.A. research 
teams. It has been found by experience that this length 
of time is desirable if the young engineer is to absorb 
fully the principles of production engineering research. 

The research teams to which the students are attached 
are engaged on investigations into metal cutting 
operations, press-work, and allied subjects. The research 
subject chosen is of direct interest to the student’s firm, 
but the course is not intended merely to provide him 


with many facts of a specialised nature. The object of 


the scheme is to develop within him a progressive and 
practical outlook towards production engineering 
generally. During his stay, the student attends lectures 
given by senior engineers at which he acquires a know- 
ledge of those activities of the Association which are 
outside the scope of the research project upon which he 
is engaged. Talks on such varied subjects as cutting 
fluids, utilisation of machines, standardisation, surface 
finish, and metal-forming are followed by discussions 
on the applications of research in these fields. A series 
of works visits is also arranged during each session. 


Preventive Maintenance Conference 


The first large-scale PERA Conference, which was 
held in 1952, was very well attended by directors and 


managers of firms representing a wide range of industries, 
The occasion marked the opening of a temporary 
conference hall to accommodate 350 persons. The 
demand for places at the conference exceeded the 
capacity of this new building. 

In choosing subjects for such conferences, the usual 
principle of being guided by the requirements of member. 
firms is being adopted. The large number of requests 
for assistance in dealing with maintenance problems was 
evidence of the great interest being taken in this subject. 

Under the chairmanship of 8S. W. Rawson, M.A. 
papers were presented by Bertram White, B.Sc, 
F.R.I.C., Technical Director of the Federation of British 
Industries, D. Lacy-Hulbert, B.Sc., A.R.LC., Joint 
Managing Director, Chesterfield Tube Co. Limited, and 
G. C. Oram, M.I.Mech.E., M.1I.E.E., Manager, Central 
Engineering Workshops, Appleby-Frodingham Steel (‘o, 
Limited. 

Library Services 

The Association’s library now contains more than 
100,000 items of trade and technical literature, including 
reports on foreign developments. A_ considerable 
quantity of books and periodicals has been received from 
the United States under the Mutual Seeurity Agency 
scheme operated through the D.S.I.R. The literature 
received covers many aspects of present-day production 
engineering practice and organisation in the U.S.A. Not 
only is the library in constant use by the staff, but it is 
also being increasingly used by member-firms seeking 
information on production processes, design and other 
allied subjects. 


The Platinum Metals Exhibition 


Wollaston’s Discovery of Palladium Commemorated 


Institution of Metallurgists to commemorate the 

150th anniversary of the discovery of palladium 
by Wollaston, draws attention to the remarkable 
achievements of this British philosopher-scientist. 

The son of a Norfolk clergyman, William Hyde 
Wollaston might almost be said to have been born into 
the Royal Society, as both his father and grandfather 
were Fellows, as also were two of his uncles. Wollaston 
was trained as a physician, but he abandoned this 
profession in order to devote his energies to scientific 


Tin Platinum Metals Exhibition, organised by the 


te chede-. 


research, a step which resulted in his making important 
discoveries which have been utilised in many branches 
of industry. 

When he gave up the practice of medicine, Wollaston 
formed an association with Smithson Tennant, with the 
object of producing malleable platinum on a commercial 
scale. It was during the course of this work that he 
discovered palladium in 1802, naming it after Pallas, the 
recently discovered planet. Wollaston chose te announce 
his discovery in a somewhat unusual manner, circulating 
anonymous handbills describing it as palladium or 
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one of Wollaston’s notebooks open 


, the page giving the first record 

palladium as “‘C’’. A note on 
Pracing blotting paper reads, 
“the upper part of opposite page 
was written 1802. I believe the C 
meant Ceresium a name which I 
once thought of giving to pallad- 
jum.” The specific gravity of 
11:8 was calculated from that of an 
= of C with lead. The old 
bol is used for lead and the 
Vinverted triangle for water. 


= 


lok 
2,00 
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“new silver’’—a new noble 
metal—and giving certain inform- 
ation concerning its properties. 
He added: “...it is sold only 
by Mr. Forster at No. 26, Gerrard 
Street, Soho, London, in samples 
of five shillings, half a guinea and 
one guinea each. Disputes con- 
cerning the nature of the new 
metal palladium led Wollaston to 
offer a reward of £20 to anyone 
who could make 20 grains of 
it before “any three gentlemen chymists.” The 
illustration reproduces the entry in his notebook : it 
will be noted that the signature has been removed, and 
that the reward remained unclaimed. 

The work of Wollaston and Tennant, in addition to 
achieving its object of producing malleable platinum, 
also resulted in the discovery of three new elements— 
indium, osmium and rhodium. Even though he an- 
nounced the discovery of rhodium to the Royal Society 
in 1804, Wollaston did not admit that he was the 
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PALEADIOM: 

_A NEW NOBLE METAL.» 


dissolves im pare Split of » dark 


¢ from this solution, as it always does Gold from Ages 
@asolve: im Spirit of Saar other 
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Tes Specific by hammering was only 114, but 
by farting as much as 11.8. 
6. Im common fire the face of tarniuhes a little and 
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pier in rons caily Zine. 


LONDON. - 

J Moore, Prison, Beery ame | 


One of the palladium leaflets distributed anonymously by 
Wollaston in April, 1803. 


October, 1953 


4S 


anonymous advertiser of palladium until February, 
1805, although several intimate friends were in his 
confidence, including Sir Josephs Banks, the President of 
the Royal Society. 

So far as is known, only two industrial applications of 
palladium and rhodium were developed by Wollaston 
himself: palladium he supplied for the manufacture of 
white gold, used for the graduations in scientific instru- 
ments ; and in the 1820’s, Wollaston used an alloy of 
rhodium and tin for durable pen points. It was, 
however, from Wollaston that Stodart and Faraday 
obtained platinum metals for their researches on steel 
alloys, and rhodium-steel razors were certainly made by 
1820. 

Following the production of malleable platinum, it 
was quickly applied to the manufacture of crucibles, and 
in this way played a considerable part in obtaining 
accurate fundamental data for the science of chemistry. 
The first known platinum boiler was made in 1805 with 
metal supplied by Wollaston and Tennant, and a large 
number of such orders were made up with Wollaston’s 
platinum by 1820. Another application which, although 
small, is worthy of mention is Wollaston Wire, which 
was made by drawing a platinum wire coated with silver, 
the silver being subsequently dissolved in nitric acid : 
in this way, wires as fine as one thirty-thousandth 
of an inch were produced. By 1821, Wollaston had 
produced some 36,000 ounces of malleable platinum, but 
details of his process were only made known when he 
lay dying, in his famous paper “On a Method of 
Rendering Platina Malleable,”’ from which it may be 
claimed that he was, in fact, the father of powder 
metallurgy. 

In addition to his chemical researches, Wollaston’s 
work extended to most branches of science, and nearly 
all his papers added materially to the knowledge of 
specialists in each field. Wollaston was Secretary of the 
Royal Society from 1804 to 1816, and was President for 
a short time in 1820. He declined nomination in favour 
of Davy at the next election, but remained a Vice- 
President until his death. 
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Mains Frequency Billet Heater 


HE Electric Furnace Company has just completed 

a mains frequency billet heater for use in conjunc- 

tion with an extrusion press in a Continental 
light alloy plant. The modernisation of extrusion plant 
in recent years has created a demand for a rapid method 
of heating billets to extrusion temperature. High 
frequency induction heating was found impracticable 
because of the size of billets involved, but mains 
frequency induction heating has provided one solution 
to the problem. This method was developed for the 
aluminium industry, but has been found satisfactory for 
most non-ferrous metals: it can also be applied to slab 
heating for use with rolling mills. Apart from the 
rapid heating which is a feature of mains frequency 
billet heaters, they have advantages in that the floor 
space for a given throughput is small, and the labour and 
capital costs are comparatively low. 

The unit just completed is rated at 175 kW, and is 
designed for heating 30 in. lengths of 74 in. diameter 
aluminium alloy billet to 420° C. at a rate approaching 
1,700 lb./hr. One of the characteristics of induction 
heating is that the heat is developed mainly at the 
surface, and travels inwards by conduction. It follows, 
therefore, that there is a temperature differential between 
the centre and the outside, and in order to keep this 
value within acceptable limits, the rate of heating has 
to be adjusted to a suitable value. In some cases, 
differentials as high as + 45° C. have been found to have 
no deleterious effects, but in other instances, a much 
lower limit has to be set. In the present installation, 
an output of 1,700 lb. /hr. means one 125 lb. billet every 


44 minutes, but to heat such a billet to 420° C. in this 
short time would result in an excessive differential. To 
overcome this difficulty, the heating unit is designed to 
accommodate three billets in line, so that, although one is 
delivered every 44 minutes, the heating time from cold 
to 420°C. is 134 minutes. 


General view of the billet heater with the coil cover raised. The temperature 
controller is housed in the panel on the right. 


The heating unit comprises six water-cooled coils jp 
line connected to three single phase transformers, the 
phases being arranged so as to minimise the throw-out 
forces. The coil has a split stainless steel liner on which 
the billets slide. A number of billets are loaded into the 
magazine at the charging end of the heater unit, and. 
apart from this loading operation, complete functioning 
of the unit, including charging, discharging, and the 
delivery of the billet to the press, is under the direct 
control of the press operator by way of a pneumatic 
control valve, lever-operated and situated near the press, 
The operator is informed by light signal when the next 
billet is ready for ejection. 

The exit end of the coil is closed by a pivoted block, 
which carries two sets of spring-loaded thermocouple 
prongs for temperature measurement. The thermocouple 
e.m.f. is transmitted to the Honeywell-Brown moving 
circular scale potentiometer controller, which cuts off 
the power when the correct temperature is reached. 
Over-riding and open-circuit safety devices are fitted 
to the control system, to ensure that overheating does 
not occur. When the temperature falls, the power is 
again applied. 

The sequence of operations which the press operator 
initiates when he requires a billet is as follows. The 
block at the exit end of the heater is raised and the ram 
at the charging end pushes the cold billet, which is 
already in position, into the heater, thereby ejecting the 
hot biilet at the other end on to live rollers which deliver 
it to the press. The thermocouple block is lowered 
again, and on completion of the backward stroke of the 
ram the next billet from the magazine moves into the 
charging position. The present installation is required 
to handle one size of billet only, but the unit can be 
arranged to deal with billets of varying length in the same 
run. Interchangeable coils can also be supplied to suit 
different billet diameters. 


View of the exit end showing billet 
emerging on to live rollers. 
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‘“cWhat the blazes is this?” cried Prometheus 


—until the twentieth century. Then they'll go 


‘It looks as if I've invented fire. This is a discovery! 


The trouble is, | don’t suppose anyone will in for using oil fuel—and enjoy the technical advice 


know how to control it—at least, not accurately and service of Shell-Mex and B.P. Ltd.”’ 


ONTROLLED HEAT WITH OIL FUEL 


INDUSTRIAL 


METALLURGIA, October, 1953 


ich 
tic ~ 4 
ay 
: 
3 
— 
WANNA 
t 
4 
‘ar 


48 


FURNACE 
FRAMING 
MOTORS AND 

REDUCING GEARS 
In any kind of lifting or tilting furnace the size 
and weight of everything else is geared to the 
weight of the refractories: the lighter these 
SUPPORTING are, the lighter (and cheaper) the whole 
STRUCTURE 
furnace. Up till now the trouble has 
been to finda consistent, reliable light- 


weight refractory that would withstand 


.and look again at the 
high temperatures. With the coming 


of Morgan M.I1.28 however, that difficulty 


refractories 


ceased to exist. M.I.28 is a low heat storage 
insulating refractory for face temperatures up 
to 2800 F (1538°C): its weight is only about a third 
of that of ordinary firebrick. It also requires only a 
fraction of the heat required by ordinary firebrick to 
bring it up to temperature: consequently furnaces built 
from M.1.28, require less fuel and heat up faster... which 
means shorter heating cycles and higher output. The 
bricks are unaffected by reducing atmospheres. As to 
reliability, M.1.28 refractories are made in the most up-to- 
date continuous plant in the country under a dual system 
of process control and inspection which makes certain that, 


within very narrow limits, every brick is as good as the best. 


MORGAN 


efractories 


ARE WORTH FAR MORE THAN THEY COST 


Z San CRUCIBLE CO. LTD. (Refractories Group). 


Neston, Wirral, Cheshire. Telephone : Neston 1406. 
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THEY CHANGED TO FUEL ol! 


CONVERSION PAID FOR 
ITSELF IN FOUR MONTHS 


A Midland manufacturer of malleable iron castings con- 
verted one of his pulverised fuel burning furnaces to oil 
firing. Each of his furnaces holds 10 tons of castings, 
with a processing period of five days; the converted 
furnace has been found to save £2 a ton, and also greatly 
to improve the quality of the castings. The conversion 
paid for itself in only four months, and has subsequently saved the manufacturer 
a thousand pounds a year. 

Here is another case where conversion to Esso Fuel Oil has resulted in a 
marked reduction of fuel costs and improvement in product quality. 

Your installation may be particularly suitable for conversion to fuel oil firing. 
May we arrange for our Technical Representative to call and discuss the matter 
with you. 


It pays to say FUEL OILS 


ESSO PETROLEUM COMPANY, LIMITED, 36 QUEEN ANNE'S GATE, LONDON, 8.W.1 
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TELEPHONES: CONSETT 34! (12 LINES). TELEGRAMS: STEEL, PHONE, CoeuetT 


HIGH-GRADE REFRACTORIES 
for the Melting, Refining and Shaping of Glass 


FIREBRICK 
SILICA 
HILUMA 


(54% Alumina) 


STANDARD SIZES AND SPECIAL SHAPES FOR ALL TYPES OF 
REGENERATORS AND SUPERSTRUCTURE 


SILLIMANITE 


RAMMED TANK BLOCKS AND SHAPES FOR THE MELTING 
AND WORKING ZONES, ALSO IN STANDARD SIZES FOR 
GENERAL FURNACE CONSTRUCTION 


Highly resistant to corrosion with maximum freedom from colouring impurities 


ZIRCON 


(ZrSiO« ) 


POWER PRESSED BRICKS AND BLOCKS FOR FURNACES PRODUCING 
MOST TYPES OF BORO-SILICATE AND OPAL GLASSES 


(Not recommended for service with ordinary soda-lime or flint glasses) 


CONSETT IRON CO. 


LIMITED 
CONSETT co. DURHAM ENGLAND 
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A publication giving 
* Trade Mark 


detailed properties of 
CORRONEL B* is 
available free of charge. 
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Birmingham 


Wiggin Street 


HENRY WIGGIN & COMPANY LIMITED 
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Electrically Heated 
Gas Carburising Furnaces _/ 


Selected by The smooth running of industry is dependent upon bear- 
BRITISH TIMKEN LTD. ings, and British Timken, Ltd., of Northampton, who are one 

of the largest manufacturers of the tapered roiler type of 
for consistently uniform bearing, use the HOMOCARB method to ensure the high 
quality products for which they are renowned. 


Large loads are carburised using HOMOCARB fluid of 
consistent quality. The fluid is ‘‘ cracked "’ forming a gas 
which is pulled through the work by a specially designed 
and powerful fan. Precise results are duplicated batch after 
batch and charges may be readily quenched directly from 
the furnace. 


results of the highest 


quality. 


INTEGRA, LEEDS & NORTHRUP LTD. 
183 BROAD STREET, BIRMINGHAM, 15 


Telephone : MIDLAND 1453 /4. Telegrams : FLOMETER, BIRMINGHAM 
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‘their reliability even in 
early 1900's. Today Elasta’s 

‘reputation for reliability and * 


TUNGSTEN FILAMENT 
AND FLUORESCENT 


POPE'S ELECTRIC LAMP CO. LTD. Head Office : 5 Earnshaw Street, New Oxford Street, London, W.C.2. 
Branches : Manchester, Leeds, Leicester, Birmingham, Bristol. Belfast (Northern Ireland) 
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The therm@relectric properties of alloys are extremely responsive to 
even very slight¢hanges in composition. The vacuum melting process, 
by precluding uncontrollable losses of metal through oxidation in the 
furnace, affords the most reliable means of obtaining the exact analysis 
desired in alloys intefded for the construction of thermocouples. 
Thus the Thermal—E.M.F, Constants of Ni-Cr (plus) and Ni-Al 


(minus) Thermocouple Wires are pre-determined and permanent and 
not of haphazard @¢eurrence. 


For Thermocouple Compensat Leads, our Ni-Cr (plus) and 
Ni-Al (minus) Wites are in confoffaitp.with the requirements of 
M.O.S. Specifi¢ations EL. 1632 and 170 


Low Temperature Thermocouple, Wires :— 
»T.C. CONSTANTAN v COPPER 
T.C. CONSTANTAN v PURE IRON™ 


We €artion makers of thermocouples against the building up of 
les from arbitrarily chosen wires (of iron, copper Of gickel), 
y. thermo-electric properties of these metals, even in thé “pure” 
State, are apt to vary considerably. YA 
AWe manufacture Wires in both the Constantan v Coppet and 
onstantan v Pure Iron combinations possessing standard Therlaa- 
y E.M.F. values which can be repeated at any later date. 


Particulars on request. \ 


A. C. SCOTT & COMPANY LTD. 


CROMALOY HOUSE : CITY ROAD : MANCHESTER 
Technical Alloy Manufacturers for Over 30 Years 
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American Arc 
Furnace Practice 


Recent Developments in 
the U.S. Steel Industry 


Mr. W. B. Wallis, President of the Pittsburgh Lectromelt 
Furnace Corporation, recently lectured on modern develop- 
nents in arc furnace melting practice in the United States 
deel industry to an audience of some three hundred steel 
technologists at a meeting organised by Birlec, Ltd., licensees 
of the Lectromelt Corporation. An abridged version of Mr. 
Wallis’s lecture is presented here. 


HE United States is indebted to Europe for the 
T electric furnace—not only for its invention, but 

for most of the major developments from Heroult’s 
original design. The application of arc melting in the 
US. steel industry began in 1906 at the Haleomb 
Works of the Crucible Steel Company, in Syracuse, 
New York, but until well into the World War I period 
the electric furnace was regarded as a piece of equip- 
ment for the production of tool steels. As a result, 
crucible steel production fell from 100,000 tons* in 
1918 to 2,500 tons in 1930, and to-day it is nil. During 
World War I, the electric arc furnace in the United 
States made its first strides towards alloy steel produc- 
tion, and several 30-ton units, powered with 7,500-kVA 
transformers were installed. Steady progress was made in 
the years between the wars, until, during World War IT, a 
number of 20-ft. diameter furnaces, mostly powered 
with 12,000-kVA transformers, were installed by the 
larger steelworks for this class of product. 

In the field of common quality steels, the electric 
furnace made its bow in 1921 with small units pouring 
billet size ingots at a Canadian plant. As a result of the 
work done in Canada, there were installations of electric 
furnaces for this type of operation in two Canadian 
mills and five U.S. mills before World War II. Beginning 
during World War II with the production of mild steel 
in 90-ton furnaces, using swing aside roofs, the electric 
furnace has made such inroads into the common quality 
steel field that 22-ft furnaces, with 36,000-kVA sub- 
stations, and making 125-ton heats, are in regular 
operation ; and still larger units are under construction. 
With the power rates operating in America, a properly 
designed top charge electric are furnace, operating a 
single slag basic practice, can produce common quality 
steel from 100%, scrap charges at a lower cost than the 
open hearth furnace. 


Foundry Applications 


The introduction of the electric furnace into the 
foundry took place a few years after the Haleomb ingot 
project, but progress has been so much more rapid in 


* Ton in this article refers to the American short ton of 2,000 Ib, 
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Tapping a 65-ton electric furnace. 


the foundry industry that it is now the main melting 
unit, the open hearth furnace being restricted to the 
making of very large castings. The largest electric 
furnace at present in operation in a U.S. foundry makes 
20-ton heats, but the fact that one foundry, by combin- 
ing heats from three electric furnaces, has made some 
of the larger and more difficult castings, and shown 
better results than competitive open hearth plants, may 
break down the hold the open hearth has for large 
castings, and lead to the installation of, say, 50-ton 
furnaces in some of the larger foundries. 

About 90% of American steel foundry output is 
made in acid furnaces—the remaining 10°, comprising 
basic production of high-alloy and Hadfield manganese 
steel castings—because sulphur and phosphorus are 
not yet a problem. Recent papers have referred to the 
good results obtained on changing over to basic practice, 
but a general change is unlikely, unless it is unavoidable, 
as costs are usually higher on basic operation than on 
acid. 

In the grey and malleable iron fields, electric furnace 
production has been primarily limited to the auto- 
motive trade, where repetitive castings are required. In 
many cases, this work is carried out by a duplex method 
using the cupola as prime melter. 

Trends in Electric Furnace Usage 

The figures given in the accompanying tables indicate 
the trends which have been taking place in Europe 
and the United States during the past twenty years. 
Table I gives the figures for the production of electric 
furnace steels in the United States, Germany, Italy, 
United Kingdom, France and Sweden, whilst Table IT 
sets out these figures as a percentage of total production. 
It will be noted that Italy and Sweden, with cheap 
hydro-electric power, have percentage-wise, done a 
more complete job than any of the other countries. 

From Table III, it can be seen that the percentage of 
total production attributed to the electric furnace has 
risen steadily from 1-8°, in 1932 to about 7-3% in 
1952. Bessemer production has been gradually falling, 
the electric furnace passing it first in 1948, while the 
open hearth reached its peak in 1940 at about 92%, 
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Clam-type charging bucket in use with a swing aside 
roof furnace. 


dropping to 89° in 1952. It is interesting to note that 
in the last 15 years, the installed capacity of open 
hearth furnaces has increased by 43°,, whilst the elec- 
tric furnace capacity has increased in the same period 
by 580%. 

Although electric furnaces now produce more than 7% 
of the total U.S. output, the corresponding figures for 
Germany, Italy and Sweden have been as high as 11%, 
46% and 41%, respectively, and, assuming the pos- 
sibility of development to the same extent, there is a 
wide gap to be filled. Present indications are that the 
electric furnace has started to replace open hearth 
capacity, and in the first six months of this year, 52%, of 
the electric steel ingots made in the United States were 
of common quality steel produced by a single slag 
process. The use of a single slag basic process for the 
production of killed and semi-killed common quality 
steels is made possible by the relatively low sulphur and 
phosphorus. 

One of the main factors contributing to the increase 
in electric furnace production was the introduction 
of top charging with the swing aside roof furnace in 
1926. The maximum capacity of installed door charge 
furnaces has remained constant at 100 tons since 1927, 
when a six electrode furnace was installed at Timken 
Roller Bearing Company. The top charge furnace 
increased gradually in size up to 1948, but since the 
war has taken a remarkable spurt, rising from 70 tons 
to 125 tons in 1952, with 150-ton furnaces now under 
construction. Similarly, the largest transformer sub- 
station on door charge furnaces has risen only slightly 
to 16,500 kVA, whilst there are 36,500-kVA_ sub- 
stations in operation for top charge furnaces. As the 
inside diameter of the shell rises from 8 ft. to 24 ft., the 
approximate holding capacity rises from 4 tons to 150 
tons and the transformer capacity from 2,500 kVA to 
46,000 kVA. 


Production—-Specific Installations 


To-day, the maximum production is being obtained 
at a plant making mild and semi-killed steels in two 
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22-ft. diameter furnaces operating on 125-ton heats 
The average output from each furnace is 18,000 ne} 
tons/month of good ingots, or, at a rate based on q 
730-hour month, of 24-5 tons /hr.* These two furnaces 
have only been in operation for about a year, and it jy 
hoped that by the end of another twelve months ap 
average production of 28 tons/hr. will have been 
achieved with each of these units. This production js 
based upon full time operation. 


* Usual method of rating output in U.S.A. is tons per hour, based on 
730-hour month, i.e, one-twelfth of a year. 


TABLE T.—PRODUCTION OF ELECTRIC STEEL IN MILLIONS OF TONS? 


Year | U.K. France | Germany 
0-062 | 0-123 
1933 0-084 | 0-181 
1934 0-108 0-260 
1935 0-119 0-389 
1936 0-171 0-544 
1937 0-241 0-764 
1938 -. | 0-249 0-988 
1939 | 0-327 1-266 
1940. | 488 1-411 
1941 -» | O-641 1-637 
1942 -. | 0-962 1-733 
1943. | 1-111 2-088 
1944 | 0-890 2-214 
1945 0-607 0-128 
1946 | O-537 O-063 
1947 0-644 0-120 
1948 0-792 0-266 
1949 .. | 0-828 O-31l0 
1950 O-825 0-438 
1951 -. | O-917 0-682 
1952+ .. | 1-044 0-56 


* Based on British Lron and Steel Federation figures. 
+ Estimated from a graph with the exception of U.K. 


TABLE If.—ELECTRIC STEEL PRODUCTION AS A PERCENTAGE OF TOTAL 
STEEL PRODUCTION.* 


Year U.K. | France | Germany | Italy Sweden USA. 
2-80 2- 17-2 1-76 
: 2-79 2- 19-7 1-81 
3°21 1 19-1 1-39 
. 4-09 2 25-2 1-59 
4-18 28-9 1-62 
“6 4-15 “9 1-67 
2- 5-77 “1 1-78 
7-20 1-9 
10-79 32-9 2-44 

6! 9-08 7- 3-47 

6-96 9- 5-17 
6-55 7-84 10-98 52-7 4-73 
4-58 14-29 7-48 68-6 4-34 
3-77 9-91 1-87 51-3 3°85 
4-52 8-73 2-71 29-2 1-46 
1-75 | 7-69 3-10 10-8 5-71 
4-76 | 6-92 2-44 33-2 4-84 
4-52 | 6-21 2-64 40-5 6-24 
5-24 | 7-79 3-51 43-1 6-78 
5-66 7-7 3-3 46-2 7-3 

| 


* Based on British Lron and Steel Federation figures. 
+ Estimated from a graph with the exception of U.K. 


TABLE III.—OPEN HEARTH, BESSEMER AND ELECTRIC STEEL PRO- 
DUCTION IN THE U.S.A. EXPRESSED AS A PERCENTAGE OF TOTAL 
PRODUCTION.* 


Year | Open Hearth Bessemer Electric 
1932 87-0 11-2 1-8 
1933 és” 87-7 10-5 1-8 
1934 9-3 8-3 1-4 
1935 ee 08 90-1 8-3 1-6 
1936 91-2 7-2 1-6 
1937 Ju es 91-5 6-8 1-7 
1938 oe ee 91-6 6-6 1-8 
1939 pe 91-7 1-9 
1940 92-0) 2-5 
1941 oe ee 89-8 3-5 
1942 ss 88-9 1-6 
1945 ee 5-2 
1944 89-7 4-7 
1945 90-3 4-3 
1946 oe os oe 91-2 
1947 es of «ss 1-5 
1948 es 89-5 5-7 
1950 ee 6-2 
1951 ec 88-5 6-8 
* Based ou British lron and Steel Federation figures, 
METALLURGIA 
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0-858 0-379 | 3-975 
0-766 | 0-383 | 1-589 
0-299 0-398 3-457 
0-732 0-419 3-788 
0-958 0-476 5-57 
0-753 0-577 3-783 
1-055 0-645 6-039 
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Another installation, using a 20-ft. diameter 
furnace powered with a 25,000-kVA_ sub- 
tation, is being operated on a five-day week, 
% hours per day: the demand pulled is 
16,000 kW. The average production per 
heat is 96-44 tons of good ingots, the monthly 
production 10,608 tons, and the net tons 
produced per hour (this based upon the hours 
of operation above outlined) is 21-54. The 
percent recovery is 95-57. The kilowatt 
hours per net ton is 495, the pounds of 
graphite electrodes per net ton 9-62, and the 
average time (tap to tap) 4 hrs. 28 mins. 

In contrast to the production obtained on 
furnaces of 20 ft. diameter, an ingot shop 
making single slag basic common quality 
steels, using three 11-ft. diameter top charge 
furnaces, each equipped with a 5,000-kVA 
sub-station, is producing 10,600 tons /month of 
good ingots. The average heat is 21 tons and 
the rate of production is 5-2 tons /hr. /furnace. 
Recently an open-hearth plant making 
common quality steels installed an 18-ft. 
diameter electric furnace equipped with an 18,750-kVA 
sub-station. The open-hearth superintendent read a very 
interesting paper earlier this year, in which he said that 
they had been averaging 15-2 tons /hr. or 10,890 net tons 
in 718 operating hours in the month, making 75-ton heats 
with a power consumption of 495 kWH and an electrode 
consumption of 9 lb./net ton of good ingots. The elec- 
trie furnace showed a 94°, yield in good ingots as 
against 89°, for the open hearth, and he stated that a 
comparison of furnace availability between the open 
hearth shop and the electric shop during the past seven 
months showed that the electric operated 94-5°, of all 
available hours and the three open hearths 86-5°%, of all 
available hours. Comparison of repair cost per ton of 
steel produced showed that over the seven months 
period the open hearth produced 100,603 net tons of 
ingots with an average repair cost of $3.35/net ton. 
The electric furnace produced 65,438 net tons at an 
average repair cost of $2.65/net ton. In this shop the 
open hearth is favoured with the better grade of scrap. 


Alloy Steel Production 


The foregoing has dealt with the production of com- 
mon quality steels : the following figures were obtained 
ina plant having five 18-ft. diameter top charge equip- 
ments with 16,000-kVA sub-stations and making differ- 
ent types of steel. 

Furnace A is operated on all grades of stainless steels 
up to 0-10°%, carbon maximum, whilst Furnace B, 
which is a duplicate of Furnace A, operates continuously 
on single slag basic steels. A operates with 61-7-ton 
charges and produces at the rate of 8-25 tons/hr. of 
good ingots, and B operates on 70-ton charges and 
produces at the rate of 12-14 tons/hr. of good ingots. 
The respective roof lives (9 in. silica roof) are 48-50 for 
A and 80 for B, and on 13 in. magnesite side walls A 
averages 150-160 heats, and B, 225 heats. This shop 
produced, in the month of June, 1953, 30,100 tons of 
good ingots with an average power consumption of 527 
kWH/ton. The furnaces on the average operated 
%)-4° of the available hours of the month, there being 
9-6%, delays. 

At one of the larger electric furnace shops in the 
country, they have a number of 20 ft. diameter furnaces, 
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A 22 ft. diameter furnace with a capacity of 100-110 tons. 


the majority being door charge, but one furnace 
having been changed over to top charge. This top 
charge furnace is powered with a 15,000-kVA_ sub- 
station. The production averages about 70°, single 
slag operation and 30°, double slag. 

The production of this top charge unit is averaging 
14-1 tons/hr. of good ingots, with an average power 
consumption of 525 kWH/ton. A duplicate furnace in the 
same shop, operating on the same practice but not 
having the top charge feature, averages 9-1 tons/hr. of 
good ingots with a power consumption ranging from 
550 to 560 kWH//ton of ingots. With the top charge 
furnace working on 100°% rimmed steel, the production 
rate is stepped up to 17-5 tons/hr. with a power con- 
sumption of 515 kWH/ton. 

Another shop producing quality steels, and specialising 
on roller bearings, ball bearings and aircraft and auto- 
motive steels, as well as rock bit, oil well and other 
diversified products in tubing and bars, is equipped with 
nine large electric furnaces. While all heats are two 
slag operation, they have two types of practice in the 
shop—one defined as a “fast practice’’ and being 
confined to heats of simple or compound alloys that are 
tapped 40-60 min. after slagging off. The conventional 
practice in the shop is holding | hr 45 min.-2 hr. after 
slag off. 

The output ranges from 12-76 tons/hr. on the fast 
practice down to 12-08 tons/hr. on the conventional 
practice—a differential of 4-5°%,. These tonnages are 
being obtained with top charge equipments: on the 
same size furnaces of door charge type, the hourly 
production averages about 3-5 tons less. These figures 
apply to heats producing 90 tons of good ingots. The 
shop averages on power consumption about 560 kWH / 
ton, with roof lives ranging from 75 heats down to 31 
heats, depending upon the practice used: 12 in. silica 
roofs are used. The average side wall life ranges from 
slightly over 200 heats down to a minimum of 145 heats 
on 13 in. metal-case magnesite side walls. The shop 
consumption of graphite electrodes is, as in the former 
plant, ranging around 12 |b. /ton. 

Another electric furnace plant with smaller size 
furnaces, making average heats of 42-6 tons on a two- 
slag basis, has a shop average of 10-9 tons/hr. The 
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20-ton Birlec Lectromelt furnace installed in a British works. 


average time tap to tap is 3-9 hr., and the average 
kilowatt hours per ton is 485. 


Refractories 


Furnaces in the States are lined, in general, with 
clay brick on the bottom, followed by magnesite brick and 
then with rammed magnesite mixtures of various trade 
names with a depth of rammed materials of from 6 in. to 
12 in. Other operators put chrome brick next to the 
shell, and then magnesite brick to a total brick depth of 
21 in., and on top of this a maximum of 7 in. of Ramset. 

Side walls are usually of magnesite metal-case brick, 
and are, in the larger furnaces, of 13-in. thickness. 
Roofs are usually of silica brick, although some clay and 
high temperature refractories such as sillimanite have 
been used. When silica is used, some operators prefer 
9-in. bricks, others 12-in. bricks, and some a maximum 
of 15 in. 

A wide variation in refractory practice can be found 
in the various plants, depending on the policy adopted by 
the men in charge, which will influence the life of the 
roof, walls, ete. Twelve hours is allowed for a complete 
reline in some plants, but in one plant using 22-ft. 
furnaces, a time of four hours is achieved by lowering 
the men into the furnace on a water cooled platform. 
Four men pull down the walls to the slag line and their 
water-cooled platform is then replaced by a second one 
with the new bricks stacked on it. 


Induction Stirrer 


A development of interest to steel-makers in the 
United States has been the installation of an induction 
stirrer on a 20-ft. diameter furnace equipped with a 
20,000 kVA sub-station. This is the type of stirrer 
developed in Sweden, and a number of installations have 
been made on the Continent. The particular stirrer 
referred to here has been in operation for only nine 
months, and it is, therefore, a little early to make positive 
statements, but experience has shown the following 
trends : (a) a more homogeneous bath ; (b) an average 
improvement in shipping yield of 24%, (15%, on high 
nickel steels); (c) lower sulphurs—numerous heats at 
0-005-0-01%, compared with 0-015%, on similar fur- 


/0 
naces without stirrers; (d) more representative bath 


samples for the laboratory ; 
temperature control ; 


(e) closer 
(f) closer chemical 
control; and (g) better ingot surfaces. 
The foregoing is a static type of stirrer 
attached to a stainless steel furnace bottom, 
A competitor is now being offered in the 


United States: this is of the rotating 
type, but no installations have as yet been 
made. 


Economics of Open Hearth and 
Electric Furnaces 


All steelworks practice is ultimately influ. 
enced by the question of production costs, 
and, consequently, any factors influencing 
these must be carefully considered. 

One of the fundamental reasons why it 
has been possible on 100°, scrap charges, 
in non-integrated plants, to produce steels 
more cheaply in large electric furnaces 
than in open hearths is the high thermal 
efficiency of the former—70°%, as compared 
with 25%, for the open hearth. 

There has recently been published in the United States, 
by Bituminous Coal Research Inc., a report on the 
competitive economies of open hearth and electric 
furnaces for the production of low carbon steels. This 
report, prepared by Battelle Memorial Institute, shows 
that in the open hearth process, 26%, of the heat input 
is contained in the molten steel; 20-27%, is lost in 
stack gases ; and 28-32%, is lost through furnace walls, 
radiation, ete. 

For the electric furnaces, the following table is given : 


Heat content of steel +e 
Heat content of slag 4-24 
Refining reactions .. .. .. .. .. -2% 
Heat content of waste gases .. .. .. 2-3% 
Heat extracted by cooling water .. .. 3-8% 
Losses through walls, radiation, etc. .. 10-4% 


Another important factor to be borne in mind is the 
relatively stable cost of electrical energy in the face of 
steeply rising costs of other fuels, such as coal or oil. 
This is due entirely to the continuous improvements 
that are being made in electric power station efficiencies. 

A further point to consider is, of course, that there isa 
limit to 100%, scrap charges, since there is only so much 
scrap coming into the market each year, and it is certain 
that there will have to be some hot metal practice 
developed for the are furnace, if it is to compete, on a 
cost basis, with the open hearth in an integrated works. 
Recently, two integrated plants—one in Canada and 
one in the United States—have placed contracts for top 
oxygen blown converters, planning to interpose these 
converters between the blast furnace and the electric 
furnace. With this type of practice, it is, of course, 
possible to charge the electric furnace with 100°; hot 
metal, and to use no scrap, although it would be logical 
to assume that plant scrap would be used in the are 
furnaces rather than placed on the market. 

There has been some discussion on the possibility of 
using the electric furnace as an oxygen converter, with 
the roof swung aside, reverting to its normal function to 
finish the heat. So far, this has just reached the talking 
stage and no experiments have been run. 


Development of Large Electric Furnaces 
There are two capacities to an electric furnace—the 
hearth capacity and the volumetric capacity—and with 
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the light scrap mainly available the latter is the more 
important. For instance, a 24-ft. diameter furnace now 
being installed on the Continent has a hearth capacity 
of 143 metric tons, but it is planned to operate on 100 
metric ton heats. The volumetric capacity of the lined 
furnace is 3,700 cu. ft. and, with scrap running at 25 
lb./cu. ft., this becomes the controlling factor. Only 
45 tons can be handled at one charge, so that, even with 
this large furnace, two back charges would have to be 
made. With scrap weighing 35 lb./cu. ft., the charge 
could be handled with only one back charge. In most 
of the plants in the United States, it is necessary to use a 
minimum of two back charges, and in some instances 
three, after the initial charge is melted down. 


Conclusions 


Broadly speaking, it can be said that for both foundry 
work and alloy steel production, the electric arc furnace 
has proved superior to any fuel fired unit, both tech- 
nically and economically. 

With the common quality steels produced by non- 
integrated works, a good case has been made out for the 
electric furnace in many instances and fully proved in 
practice. It should be borne in mind here that a modern 
top charge electric furnace will out-produce by 100°, or 
more, an equivalent size open hearth furnace; will 
handle almost any kind of scrap; and has a thermal 
efficiency sufficiently high to more than off-set the lower 
cost per B.Th.U. produced by coal or oil. The case of 
the fully integrated steelworks is, of course, somewhat 
different, and the electric furnace will only come into its 


Courtesy of A.S.E.A. 
Induction stirrer for steel melting furnace. 


own when a successful hot metal practice has been 
developed. 

The operating conditions in the British steel industry, 
with higher phosphorus and sulphur contents to 
contend with, are somewhat different, but with the 
electrical grid system available, it should be possible to 
utilise electric furnaces of much larger capacity than 
have hitherto been standard. Birlec have at present 
under construction a 60-ton furnace for use in this 
country, and it will be interesting to see the results 
obtained with this unit. 


Stainless Steel Forgings for Royal Yacht 


HADFIELDS, LTD.,have made an interesting contribu- 

tion to the construction of the Royal Yacht in the 
form of forged stainless steel stabiliser finshafts. The 26 ft. 
long shafts are part of the stabiliser equipment designed 
and constructed by Brown Brothers & Co., Ltd., of 
Edinburgh, in association with William Denny & 
Brothers, Ltd., of Dumbarton, and, made in Hadfields 
Galahad stainless steel, are the largest forgings of their 
type in existence. 

There are two fin shafts weighing 14} tons each, and to 
produce them it was necessary to cast ingots each having 
a gross weight of approximately 22 tons and a mean 
cross sectional area of 1,680 sq. in. : the steel was made 
by the basic electric process. In dealing with stainless 
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steel ingots of such a size, special attention had to be 
given to all operational processes, notably in casting and 
during re-heating for forging. When forged and 
annealed, the shafts were rough machined prior to heat 
treatment and testing, and afterwards finished machined 
to very fine limits. An exceptionally high standard of 
workmanship was required throughout, all operations 
being carried out at the Company’s East Hecla Works, 
Sheffield. It is of interest to note that similar forgings 
are being made by the same firm for installation in 
certain units under construction for the Royal Navy. 


New Titanium Plant 


Tue Ministry of Materials has recently concluded a 
contract with Imperial Chemical Industries, Ltd., under 
which the Company will at its own expense erect 
capacity to produce 1,500 tons of sponge titanium a 
year. The Company will also install capacity for con- 
verting this metal to ingot form, and it expects pro- 
duction to begin in two years’ time. The Ministry has 
undertaken to buy directly up to three-quarters of the 
Company’s output of sponge titanium over the first 
four years of production if the metal is not otherwise sold 
in various forms for use by Government contractors, 
and the Ministry has an option on the full output if 
needed for Defence purposes. The price of the metal 
will be equivalent to the world price current at the time 
of purchase. Apart from this project, it is understood 
that I.C.I. already has in course of erection pilot plants 
which will begin to produce at the rate of 150 tons per 
annum early in 1954, 
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Correspondence 


Heat Treatment Conference 


The Editor, METALLURGIA. 
Sir, 

I was at present at, and took part in the discussion of 
Mr. C. C. Hodgson’s paper, as mentioned on page 88 of 
Mertatiurera for August, 1953, and would like to make 
the following comments on the report of the discussion. 

I do not recall the statement in connection with 
carbonitriding—* the wear resistance being greater than 
for cyaniding, and as carbon was absorbed at a lower 
temperature, less distortion occurred.”’ This statement 
is not actually in accordance with facts. The wear 
resistance of either a cyanided or carbonitrided case will 
depend on both carbon and nitrogen contents of the case. 
It is, we know, possible, by carbonitriding a given steel 
such as En.18, to obtain a case composition, in respect 
of carbon and nitrogen content, similar to that obtained 
by the standard cyanide process. Moreover, the writer 
pointed out in the discussion that the wear resistance of a 
nitrogen free gas carburised case on En.18 was lower than 
that obtained on a cyanided or carbonitrided case 
having the same hardness. There is no evidence that 
carbonitriding gives better wear resistance than cyanide 
hardening. 

The hardening temperature for any particular alloy 
steel, such as En.18 or En.24, is the same for both 
carbonitriding or cyanide hardening. The temperature 
for both processes can be varied within the same 
temperature limits, depending on the steel being treated. 
It is not, therefore, correct to say as to carbonitriding, 
that—* as carbon was absorbed at a lower temperature, 
less distortion occurred.” Although, of course, less 
distortion is obtained by a cyaniding or carbonitriding 
treatment at 800/850°C. as compared with a case- 
hardening process using higher temperatures around 
900° C. as is usual when transferring carbon alone to 
steel. 

Yours faithfully, 
for Imperial Chemical Industries, Ltd., 
General Chemicals Division, 
F. D. WATERFALL. 
Heat Treatment Section. 
Oldbury. 7th September, 1953. 


The Editor, MeTaLLureta. 
Sir, 

I must thank Mr. Waterfall for correcting my report 
by stating that there is no evidence that carbonitriding 
gives better wear resistance than cyanide hardening. 
The statement made in my report gave “ cyaniding ” 
for “ carburising ” in error, and on this point I plead 
guilty. 

Mr. Waterfall, however, goes on to say that carbonit- 
riding and cyanide-hardening are “‘ normally done at the 
same temperature,’ so that it is inaccurate to say that 
there will be less distortion as the process is carried out 
at a lower temperature. 

I must point out that this report is in fact a report, 
and not necessarily an expression of my own opinions. 
In support of the queried statement I would quote the 
following verbatim remarks made in the course of the 
discussion :— 


“They had done experiments on carbonitriding, and there 
seemed to be a future for that process. It was used a good 


deal on the Continent as a substitute for cyaniding. A nicke| 
steel of about 0-3% carbon was used, and with addition of 
ammonia the reaction took place at lower temperature and 
minimised distortion.” 


While I respect Mr. Waterfall’s opinion on this point, 
therefore, I must maintain that there is evidence for my 
report. 

I am, sir, 
Yours truly, 
Your B.LS.R.A. 
London. 23rd September, 1953. 


More Turkish Copper 


The Editor, METALLURGIA. 
Sir, 

With reference to the above article which appeared 
in your September issue, we wish to point out that some 
of the statements made are extremely misleading, and 
would request you make the following corrections : 

(a) Development of Murgul plants began in 1937. 

(b) Finance was provided under the Anglo-Turkish 
Guarantee Agreement of 1938. 

(c) Investigation and test work on the ore, to 
determine the best methods of treatment, was 
carried out by us as Consulting Engineers. 

(d) The whole of the treatment plants, including all 
auxiliaries, such as hydro-electric and steam 
power stations, were designed and specified by us. 

(e) The whole of the equipment was supplied from 
this country, much of it under difficult war-time 
conditions, including considerable losses at sea, 
which delayed completion. 

(f) The plant was erected by English and Turkish 
engineers under our technical supervision, and was 
completed, as far as we are concerned, in 1950. 

The fact that the equipment was considered equal to 
any in the world, and only minor changes were required 
to increase output, is a credit to British equipment and 
design, and should be so acknowledged. 

Yours faithfully, 
for and on behalf of :— 
British-Geco Engineering Co., 
M. G. CaLLow. 
London. 30th September, 1953. 


Factory Equipment Exhibition, 1954 


Tue Second National Factory Equipment Exhibition 
will be held at the Royal Horticultural Society’s Halls, 
Westminster, from March 22nd to March 26th, 1954. 
The success of the first Exhibition last year, which was 
visited by the Duke of Edinburgh, was such that both 
halls have been booked this year, and 80°, of the 
available space has already been sold. The Exhibition 
will provide the right atmosphere to give manufacturers 
an opportunity of demonstrating their products, and to 
stimulate the interest of factory executives in the most 
modern equipment used in the following branches of 
industrial activity: (a) maintenance and lay-out of 
works and factories; (b) the manufacture, lifting, 
moving, storage and packing of goods; (c) the welfare 
and safety of employees ; and (d) the keeping of records 
and maintenance of stores and progress systems. The 
Exhibition will be sponsored by The Factory Manager 
and Factory Equipment News and the Organiser is 
Mr. J. E. Holdsworth, 117, Kingsway, London, W.C.2. 
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New Independent Chairman 
Vr. FREDERICK GRANT, M.C., Q.C., has been appointed 
Independent Chairman of the Executive Committee of 
the British Iron and Steel Federation in succession to 
the late Sir Andrew Duncan. 

The Constitution of the Federation provides for the 
appointment as Independent Chairman of ‘‘ some person 
ofhigh standing not carrying on business inthe industry” 
who shall preside over meetings of the Executive 
(Committee and to whom a member firm aggrieved by 
ay action of the Federation can in the first instance 
make its appeal. The post of Independent Chairman 
yas first instituted in 1934, when the National Federation 
of Iron and Steel Manufacturers developed into the 
British Iron and Steel Federation, with widened 
functions. It was considered that a whole-time salaried 
oficial, qualified by his disinterestedness, was required 
to lead the industry in the task of reorganisation which 
it then set itself. 

Mr. Grant was educated at Fettes and Oriel College 
Oxford, where he took First Class Honours in Classical 
Moderations and in Greats. He served throughout the 
1914-18 War, was awarded the M.C. while commanding 
the 94th Siege Battery in 1918, and lost a leg as the 
result of a serious wound. He then spent seven years 
with the Tees-side steel firm of Bolekow Vaughan before 
being called to the Bar in 1925, He took silk in 1943 and 
isa Bencher of the Inner Temple. He has had a large 
practice at the Bar, mainly in taxation cases. He was 
a member of the Monoplies and Restrictive Practices 
‘ommission from 1949 to 1952, and Chairman of the 
Purchase Tax (Valuation) Committee 1952-53. 


International Council for 


Electrodeposition 
Ar the first meeting of the International Council for 
Electrodeposition, held recently at the headquarters of 
the Institute of Metai Finishing in London, Dr. Walter 
R. Meyer was warmly welcomed as the official delegate 
of the American Electroplaters’ Society. 

The Council considered the plans for the International 
Conference of 1954 which are now in an advanced stage 
of preparation. The date of the Conference has been fixed 
for Wednesday, April 21st, 1954, to Saturday, April 
4th, and the venue will be London. It is anticipated 
that there will be whole-hearted participation by over- 
seas delegates ; in particular, a strong contingent from 
the United States is expected to attend. It is hoped, 
indeed, to organise a special session to discuss the latest 
American practice in electrodeposition. 

On the eve of the International Conference a meeting 
will be held which is to be addressed by Dr. William 
Blum who has been invited by the Council of the Institute 
of Metal Finishing to give the Hothersall Memorial 
Lecture for 1953/54. This function will be under the 
auspices of the I.M.F. and not the International Council. 
Dr. W. Blum is well-known for his numerous researches 
in the field of electrodeposition covering many years of 
active study of electrochemical processes and problems. 

The International Council also considered such 
questions as mutual interchange of publications between 
countries and further concluded that such questions as 
wniversal standards of electroplating and universally 
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NEWS AND ANNOUNCEMENTS 


agreed nomenclature and definitions of terms used in 
electrodeposition should be explored and would well 
repay future study. 

Membership of the International Council is open to 
Technical Societies and Institutes throughout the world 
whose interests lie in the field of electrodeposition. They 
are invited to write in the first place to the Honorary 
Corresponding Secretary of the Council, Dr. 8. Wernick, 
at the offices of the Institute of Metal Finishing, 32, 
Great Ormond Street, London, W.C.1., England. 


International Conference on Phosphating 
Leading Experts from Four Countries Participate 


Experts from Great Britain, the United States, France, 
and Western Germany, met in conference last week at 
The Pyrene Company Limited, Great West Road, 
Brentford, Middlesex, for an exchange of technical 
information and to discuss future developments of the 
internationally known and used “ Bonderizing,” 
Parkerizing,”’ and Parco-Lubrizing range of indust- 
rial phosphating processes. 

The conference, the first of its kind ever to be held, 
was conducted under the Chairmanship of Mr. W. E. 
Wright, a leading authority in this country on the 
application of phosphate coatings, and a Director of 
The Pyrene Co., Ltd., who also headed the British 
delegation. Leaders of the visiting delegations were: 
The United States—Mr. R. W. Englehart (Parker Rust 
Proof Company); France—M. Dete (Societe Continen- 
tale Parker); and Germany—Dr. Wilhelm Overath 
(Metallgesellschaft A.G.). Meetings, which lasted over 
three days, were open and the discussions frank, a very 
wide range of subjects of mutual interest being covered. 

A special feature of the conference was the attention 
paid to research in the phosphating field, all four 
participating countries taking an active part. Delegates 
described the investigations current in their own research 
laboratories and pooled their experience regarding 
enquiries now being undertaken in many directions in 
the solution of important production problems. New 
processes at present in the development stage or in 
token use in pilot plants in factories, were critically 
examined by the technologists present with the result that 
progress in a number of cases will be considerably 
accelerated. In consequence material benefits to 
industry can be confidently anticipated. 


Fielding Presses Arrive in Australia 


In our September issue, under the above heading, 
reference was made to a 250-ton blanking press built for 
Charles Hope, Ltd., of Brisbane, and to a 450-ton press 
for the same firm. The description given in the last 
paragraph dealt with the 250-ton press and not the 
450-ton press. 

The larger press referred to is actually a Fielding 
400-ton treble action deep drawing press of the self 
contained type, complete with hydraulic pumping 
equipment using oil as the pressure medium. The power 
of the main ram is 400 tons, with a stroke of 25 in., with 
blankholder power of six cylinders arranged in the main 
slide totalling 100 tons, thus giving a drawing power of 
300 tons if the full 100-ton blankholder power is used. 
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The press frame is of unit welded construction, with 
the hydraulic pumping unit and driving motor arranged 
on a platform on top of the press frame. The main slide 
carries the blankholder and is provided with deep adjust- 
able vee guides to ensure closer alignment of tools. The 
underside of the blankholder side is drilled for fixing all 
appropriate tools. The main ram is of the single-acting 
type, and all cylinders are of steel with renewable gland 
and neck bushes and outside packed stuffing boxes. 

An air charged pre-filling arrangement is provided to 
give a rapid approach stroke which is estimated to be 
approximately 6in./sec. Power for the operation of the 
press is provided by a Fielding Type B.2 oil-hydraulic 
high speed pump, with a maximum hydraulic working 
pressure of 2 tons/sq. in. A 90 h.p. motor running at 
1460 r.p.m. drives the pump. 


High Speed Exports 

At a time when the criticism is widely expressed that 
British delivery times are too long and British service 
to customers is not all that it should be, it is pleasant to 
record evidence to the contrary. Two 64-in. electric 
lifting magnets were ordered by a Canadian firm from 
the Witton-Kramer Electric Tool and Hoist Works of 
The General Electric Co., Ltd., for loading scrap iron 
into ships at Montreal Pier. Only 14 days after the 
order had been received in England the magnets were 
in service in Canada, and within less than three weeks 
of the date of despatch from Birmingham, they had 
handled 2,500 tons of scrap iron for shipping to this 
country. Since that time, four further magnets, one of 
64-in., two of 36-in. and one of 26-in. diameter have 
been delivered at Montreal equally promptly. 


T.I. Acquires Round Oak 


TusBe Investments Ltd. have acquired the whole of the 
shares of the Round Oak Steel Works of Brierley Hill, 
Staffordshire. The deal is on the basis of the take-over 
price plus repayment of the loans to Round Oak by the 
Finance Corporation for Industry and the Realisation 
Agency and involves the payment of total sums of 
£5,803,574. It is intended that the Round Oak Steel 
Works shall continue to produce the types of steel with 
which it has long served its existing customers and with 
increased output from the new works capacity will also 
be provided for the manufacture of tube steels to help 
make good the serious shortage which has persisted for 
so long. 


United Steel’s Student Courses 
At the invitation of The "Jnited Steel Cos., Ltd., two 
groups of students ha. recently spent a week in 
Sheffield as guests of the Company. From August 3lst 
to September 4th, 35 senior boys from 16 public schools, 
took part in a short course aimed at giving them an 
insight into the manufacture of iron and steel and the 
manipulation of steel; the manufacturing uses of high 
quality steels ; some characteristic problems in research ; 
and the opportunities available for careers with a large 
steel company. The second group, 34 students from 13 
universities, took part in a short course on iron and steel 
making, steelworks engineering and research from 
September 7th to 12th. The courses had a number of 
common features, including visits to various works of 
the Company in the area, and to the Swinden Labora- 
tories at Rotherham, but the second course was designed 
specifically for students of pure science, engineering and 


metallurgy. It aimed at giving an insight into th 
seientific foundation of iron and steel making ; certain 
derivative manufacturing processes; the scope of 
engineering in the industry ; characteristic problems of 
research ; the economic structure of the industry ; and 
the opportunities available for careers within the 
industry. 


Personal News 


Mr. G. R. Epwarps has been appointed Managing 
Director of the Aircraft Division of Vickers- Armstrong, 
Ltd., comprising Weybridge and Supermarine Works, 
Mr. T. Gammon takes over the office of General Manager 
of that Division. On the Ist December, 1953, Mr. W. 
D. OpxEr will become General Manager of the Elswick. 
Scotswood, Wakefield and Chertsey Works in the 
Engineering Division, and Mr. J. R. Keviy, General 
Manager of the Crayford and Dartford Works and in 
charge of the Whitehead Torpedo Works in place of 
Mr. Opher. 


Mr. W. V. Brysteap who has been with Norther 
Aluminium Co., Ltd., for 16 years, 12 as Welding and 
Joining Engineer in the Sales Development Division, 
has taken up a similar appointment with the Saturn 
Oxygen Group of Companies operating from Downshire 
House, Roehampton Lane, London, 8.W.15. His new 
appointment covers the whole sphere of light alloy 
joining. 

Tue British Welding Research Association announces 
that Dr. A. A. WELLS has been appointed Chief Research 
Engineer and Head of the Engineering Research Station 
at Abington, near Cambridge, and that Mr. R. P. 
Newman will be Chief Administrative Officer there. 


Mr. F. J. Groves of 2, Arnewood Read, Southbourne, 
Bournemouth, has been appointed Representative in the 
Hampshire and Dorset areas for Sanderson Brothers & 
Newbould, Ltd. 


Mr. J. H. Lawrence, Managing Director of Jenolite, 
Ltd., has left this country for a business tour of South and 
East Africa. 


AFTER 42 years with The Cargo Fleet Iron Co., Ltd. 
Mr. R. Burnett has retired from the position of Steel 
Plant Manager which he has held for 31 years. He is 
remaining with the Company in a less arduous position 
in the laboratory. 


Mr. T. Krrxvup has been appointed a Director of the 
Steetley Co., Ltd., manufacturers of refractories. 


Obituary 

WE regret to record the death on Saturday, October 3rd, 
of Mr. R. W. Bedford, M.B.E., for many years Works 
Manager of George Kent’s main factory in Luton. Mr. 
Bedford joined Kent’s in June, 1904, and moved to 
Luton from London when their new works were opened 
in 1908. Shortly after the end of the 1914-1918 war, 
he was appointed Works Manager, and perhaps his most 
outstanding achievement was the organisation of the 
firms’ return to normal production after the war. More 
recently, he had a great deal to do with the equipment 
and organisation of the new Kent factory at Resolven, 
South Wales, and was still actively engaged with the 
firm’s affairs as Contracts Manager, when he became 
seriously ill a few months ago. 
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MATERIALS : 


Hydraulic Bending Machines 


The General Electric Co., Ltd., is now marketing 
hydraulic machines for bending heavy gauge conduit 


The standard size hydraulic bending machine for heavy 
gauge conduit and flat bars. 


and flat bars. The standard size machine has a capacity 
for bending unloaded, cold, heavy gauge conduit up to 
2 in. diameter to an angle of 90° and, with an extension 
ram, up to 160°. Machines of other sizes incorporate 
rams to enable rapid bending up to 180°. The neatly 
designed pump unit of the machine is believed to be the 
only equipment of its kind incorporating full power 
return action. During the bending forward operation it 
is impossible to overpump the ram. After the bending 
operation conduit is automatically ejected from the 
bending-former. All formers are precision machined and 
in sizes up to }? in. made of close grained cast iron ; 
l in. to 2 in. formers are made in malleable iron. 


The General Electric Co. Ltd., Magnet House, 
Kingsway, London, W.C.2. 


Electronik Strain Recorders 


THe increasing demands of industry for continuous 
strain measurement has resulted in the introduction by 
Honeywell-Brown, Ltd., of their new strain recorders. 

These instruments are designed to provide excitation 
for the strain gauge bridge, and internal adjustments 
are provided for zero adjustment of the bridge, and 
variation of the percentage strain at full scale. As both 
the strain gauge bridge and instrument potentiometer 
circuit are fed from the same A.C. source, any voltage 
variation affects both circuits likewise, thereby obviating 
the necessity for a stabilised D.C. supply. Since the 
instrument employs the null-balance principle, no 
current is drawn from the strain gauge bridge at balance, 
thus resulting in a linear calibration for strain or associ- 
ated variables. The instrument lends itself readily for 
use with load cells and pressure transducers, details of 
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RECENT DEVELOPMENTS 


PROCESSES : 


EQUIPMENT 


which are available from the makers. Thus, many 
aspects of high-pressure measurements and continuous 
weighing are greatly simplified. 

Strip and circular chart recorders are available with 
pen speeds up to five seconds for full-scale travel. The 
normal high standards of instrument accuracy and 
sensitivity, inherent in Brown Electronik instruments, 
are maintained together with the rapid balance without 
overshoot. 

Honeywell-Brown, Lid., 1, Wadsworth Road, Perivale, 
Greenford, Middlesex. 


Over Driven Guillotine Shear 


The new Bronx Series OW.1012 over driven guillotine 
shearing machine will handle mild steel plate up to 100 
in. wide x } in. thick. The machine will pass 10 ft. 
wide plates between the housings, but the blades are 
made long enough to permit the slitting of long lengths. 
The blades are of the 4-sided reversible type and the 
rated cutting speed of the machine is for 20 strokes per 
minute. The hydraulically-operated hold-down units 
are of fool-proof construction and extremely powerful in 
operation. Special type safety interlock equipment is 
provided whereby the machine is dead until the hold- 
down and safety front guards are in their working 
position. 


Rear view of machine showing hydraulic gear for hold- 
down units and fine adjustment back gauges. 


The drive is taken from a 20 h.p. high slip type of 
motor direct on to a suitable flywheel, and thence direct 
to a self-contained self-lubricated worm drive unit of 
ample capacity, in which is incorporated the clutch 
mechanism. All gearing is, therefore, completely self- 
contained and totally enclosed, which results in main- 
tenance charges being reduced to a minimum. The 
main clutch is of the multi-plate friction type. 


Bronx Engineering Co., Ltd., Lye, Worcs. 
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Book Notices 
ELECTRODEPOSITION RESEARCH 
Proceedings of the Semicentennial Symposium on Electro- 
deposition Research held at the National Bureau of Standards, 

December 4th—6th, 1951. National Bureau of Standards 

Circular 529: 129 pp., 38 figs., 19 tables, buckram bound, 

$1.50* (Order from Government Printing Office, Washington 

25, D.C.). 

ELECTRODEPOSITION processes have become an integral 
and important part of many industries—for example, 
the printing, metal refining, extractive metallurgy, hard- 
ware, automobile, and electronic industries. This has come 
about largely as a result of extensive research in the field 
of electrodeposition, especially during the past 25 years. 
This volume contains the papers given at a symposium 
sponsored by the National Bureau of Standards to 
encourage further research in this field, to present 
current research results and problems, and to facilitate 
the exchange of information. 

Representing a cross section of research currently 
being conducted in electrodeposition by industrial, 
university, and government laboratories in Europe and 
the United States, the papers cover such topics as 
research in electrodeposition in Great Britian, the 
United States, France, Germany, Belgium, and Holland ; 
electrodeposition research at Battelle Memorial Institute, 
United Chromium Inc., the Bureau of Mines, Armour 
Research Foundation, Westinghouse Electric Corpora- 
tion, and Sylvania Electric Products; research at 
Enthone, Inc., on metal finishing; brass plating ; 
electroplating in the sleeve-bearing industry ; corrosion 
resistance of copper, nickel and chromium-plated zinc ; 
aluminium and magnesium-base die castings ; determin- 
ation of impurities in electroplating baths; effects of 
impurities in plating solutions; porosity in deposits ; 
correlation of gas permeability of electrodeposits with 
their weathering behaviour; properties of electro- 
deposited nickel ; disposal of cyanide wastes from plating 
operations ; current and metal distribution in electro- 
deposition ; and a new degreasing evaluation test : the 
atomiser test. 

* Foreign remittances must be in U.S. exchange and should inelude an adidit- 


ional one-third of the publication price to cover mailing costs, 


Trade Publications 


An interesting publication recently issued by The 
Incandescent Heat Co., Ltd., Smethwick, takes the form 
of a paper read by Mr. J. A. Swain, before the Peter- 
borough Engineering Society and the East Midlands 
Gas Board (Industrial Gas Development Committee), 
the subject being equipment for gas carburising. After 
discussing the essential features of the process, the 
author refers to the gas generator and carburising medium 
before going on to describe the various types of furnace 
used for carrying out the process on a commercial scale. 


Tue A.P.V. Co. Ltd., founded in 1910 as the Aluminium 
Plant and Vessel Co. Ltd., is mainly concerned with the 
design and manufacture of a wide range of chemical 
plant, and in the course of the years has played an 
important role in the development of welding processes 


CURRENT LITERATURE 


for materials such as aluminium, copper, 


stainless 
steel, etc. Because of the need for high quality castings 
for incorporation in the plant produced by the company, 
a foundry operated by a subsidiary company forms part 


of the new premises at Crawley. A recently issued 
brochure shows something of the A.P.V. organisation, 
its work and its facilities, 


THE modernisation of the steel and tinplate plants in 
South Wales has been one of the major items of the steel 
industry's development plan, and the new hot and cold 
strip mills and tinning plant at the Margam, Abbey 
and Trostre works of the Steel Company of Wales, Ltd. 
incorporate a number of interesting features. The General 
Electric Co. Ltd., have now published a booklet which 
describes in general terms the main items of equipment 
supplied by the company in collaboration with McLellan 
and Partners, the electrical consulting engineers, 


SILICA REFRACTORIES find wide applications in the steel 
and glass industries, and modern developments call for 
bricks and shapes of the highest quality. This has 
necessitated the application of the latest principles of 
silica refractories technology and manufacturing _ tech. 
nique, and in an illustrated booklet, General Refractories, 
Ltd., Genefax House, Sheffield, 10, show the methods 
employed at the Lowood Silica Works. Besides 
describing the processes and their control, typical 
applications are shown and technical data covering their 
properties and dimensions are tabulated. 


Tue new Standard List and Trade Prices of Drivex 
cables has just been published by British Driver-Harris 
Co. Ltd., and is available from the Gaythorn Mill head- 
quarters in Manchester. All Drivex cables conform to 
the latest British Standard Specifications, and the eight 
ranges of cables detailed in the present list are appro- 
priately referenced. This sixteen-page book, bound 
pocket-size in stiff card, gives comparative sizes, nominal 
areas, and prices, in tabular form. 


Books Received 


* Die Metallwirtschaft der Schweiz und ihre Neben- 
gebiete.” 128 pp. Ziirich, 1953. Verlag fiir Wirts- 
chaftsliteratur G.m.b.H. 22s. Delivery in Great 
Britain by F. C. Urbach, 63, Lancaster Grove, London, 
N.W.3. 

“ Aluminium in Tron and Steel.” By Samuel L. Case 
and Kent R. Van Horn. 478 pp. ine. numerous illustra- 
tions, bibliography, name and subject indices. New 
York and London, 1953. John Wiley & Sons, Inc., and 
Chapman & Hail, Ltd. 60s. net. 


* Basic Engineering Metallurgy—Theories, Principles, 
and Applications.” By Carl A. Keyser, 384 pp. inc. 
numerous illustrations and index. London, 1953, 
Macdonald & Co. (Publishers) Ltd. 60s. net. 


“ Fundamentals of Physical Metallurgy.” By Ralph 
Hultgren, Ph.D. 395 pp. inc. numerous illustrations 


and index. London, 1953. Macdonald & Co. (Publishers) 
70s. net. 


Ltd. 
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ALUMINIUM 


ATOMAT 
° BETA RAY THICKNESS GAUGE 


| COPPER The ATOMAT THICKNESS GAUGE provides a continuous 
| measurement and indication of thickness of moving sheet and strip 
" Furthermore, it shows clearly any deviation which occugs from a 
This well established instrument incorporates a Radio-Active Isotope 
© together with the associated well-designed and highly-stabilised 
electronic circuitry. Each Gauge supplied is specially engineered 
to suit the conditions and requirements of the particular process 
e or plant. 


The installation of an ** ATOMAT”’ not only ensures a constant and 


accurate control of tolerance, but enables the thickness to be kept 


to a minimum, resulting in a saving in material and costs 


and other 
ALLOYS 


Write for leaflet No. W. 124. 
e 


B IN INSTRUMENT Co. Ltd., DARTFORD, KENT 
a 


Telephone Dartford 2948 (3 lines) 
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a NEW development in Polarography 
Now-— 


the DERIVATIVE CIRCUIT 

for clearer definition of substances close together 
on the potential scale. 


NOW AVAILABLE on new Polarographs 
AND can be fitted to existing models. 


Please write for details. 


TINSLEY— 


——FOREMOST IN 
POLAROGRAPHY Conver defined wing the Dera 


TINSLEY (INDUSTRIAL —— 


NORTH CIRCULAR ROAD LONDON N.W.I0.. ELGAR 6081 


WITH A 
LONG TROUBLE-FREE 


. WORKING LIFE 
SELF - INDICATING SELF-INDICATING 
PORTABLE PLAT- - DORMANT PLAT- 
FORM WEIGHING FORM WEIGHING 
MACHINE MACHINE TYPE 8522 
TYPE 7213a Fitted with Multi-change 
Silent, ball-bearing move- Capacity Dial, giving one to 
ment. Robust construc- “ five changes. Platform sizes 
tion, dirt and 4x3’, up to 6’x 4’. Cap- 
water - proof. ars acities up to 5 tons. Larger 
Mounted on capacities and platform sizes 
\ four wheels mame can be supplied if required. 
(enclosed or zis 
external), for 
easy transportation. Plat- 
form sizes 24” x24” up to 
54” x 36”. Capacities up 
to 30cwts. (or 1500kg.). 
Special charts and g 
fittings can be arranged 
to suit particular 
requirements. 


MIDLAND IRON WORKS DEWSBURY 
YORKSHIRE- ENGLAND TELEPHONE DEWSBURY 1760/1 


— | | 
=F 3 E | | 
¢ 
<> ACCURACY 
WEIGHING 
: 
CHARTS & GOODS 
1924/132 MET AI 


Important chemical news! 


HYDRAZINE 


FOR INDUSTRY 
IS NOW AVAILABLE TO ALL 


and Whiffens can give immediate delivery of 
Hydrazine compounds produced by Genatosan Ltd. 


FOR RUBBER—as blowing agents 


FOR AGRICULTURE— in plant growth inhibitors 


Samples, prices and full technical information available on request 
CONSULT WHIFFENS FIRST ON YOUR PROBLEMS 


WHIFFENS 


WHIFFEN & SONS LTD., NORTH WEST HOUSE, MARYLEBONE ROAD, N.W.,1. 
Telephone : PADdington 1041/6 Telegrams : Whiffen, Norwest, London. 
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BAKER PLATINUM LIMITED 


CATALYTIC GAS PURIFIER 


The Baker ‘ Deoxo ’ Gas Purifier provides a highly efficient and 
trouble-free catalytic method of removing unwanted oxygen 
from hydrogen. Also the removal of either of these gases from 
Nitrogen, Argon, Helium, Neon, Carbon Dioxide and saturated 
hydro-carbons. The ‘ Deoxo’ standard Purifier will remove 
up to 1% oxygen or 2% hydrogen. High purity is consistently 
produced, the remaining impurity being less than one part 
per million (.0001 %). 


OPERA TIONAL ADVANTAGE S *% A copy of the illustrated 


publication, giving full details 
As catalytic reaction commences at room temperature, this of the ‘ DEOXO”’ process, will 
purification system offers the following advantages :—NO be forwarded on application. 
. Technical representatives are 
auxiliary heating required @ NO water cooling required @ akways available for consule- 


1,000 e.f.h. Mode! NO operating expenses @ NO maintenance expenses. tion and advice. 


BAKER PLATINUM LTD., 52 HIGH HOLBORN, LONDON, W.C.1. CHAncery 8711 


HORIZONTAL 
RECTANGULAR MUFFLES 


By the intensive “refining’’ process of years of research into laboratory 
requirements, Wild-Barfield, the largest manufacturers of laboratory muffles, 
have produced four standard models which will meet most requirements. 
Precise temperature control is possible with these muffles, thus allowing 
laboratory processes to be undertaken with great accuracy. Features include 
hard refractory chamber . . . full-width door, counterbalanced by springs. . . 
best quality powder insulation, reducing heat losses to a minimum .. . 
operating temperature up to 1000°C. The chamber sizes are from 8” x 3” x 3” 
to 19” x 74” x 5”. Other laboratory muffles available include single or twin 
tube types and high temperature and special purpose models. 

Full details of these muffles will gladly be supplied. 


FURNACES 


WILD-BARFIELD 
fash ar 


batches, 
= bo do se 
Wild-Barfield Electric Furnaces Ltd. 26 Elecfurn Works, Watford-By-Pass,Watford, Herts. Phone: Watford 6091 (6 lines) 
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Ether Electronically Operated High- 
Speed Potentiometer Recorder, type 
WSP/E. Also supplied as accurate 
Recording-Controller for High-Low, 
Multi-stage or Proportional Control. 
Send for List WSP.552. ! 


The Ether Electronic Potentiometer Recorder, type WSP/E, 
is a direct writing pen recorder with a speed across the chart 
for as little as 2} seconds, with chart speeds up to 360” per hour. 
It can be calibrated to measure D.C. down to 10 M/V with an 
accuracy of 0.19%. Also suitable for A.C. or D.C. Balanced 
Bridge circuits. 

The instrument will record and indicate temperatures with the 
highest accuracy and speed and is suitable for recording molten 
metal temperatures. 


Telephone: EASt 0276-7 


TYBURN ROAD - ERDINGTON « BIRMINGHAM 24 


ETHER LTD 


Nash and Thompson 


Metallurgical Mounting Press 


A machine for the quick mounting of specimens for 
metallographic work, based on the press designed by the British 
Non-Ferrous Metals Research Association. 

The press is available with cylinders diameter 1 in. 1} in. 
and 13 in. These are mounted with the ram in a single unit so 
that the mould can be formed and ejected with an axial force. 

The heating element is rated at 600 watts to give a reason- 
ably quick rate of working, and a water cooling coil is built in 
to the cylinder wall. Moulds up to 2” deep can be produced in 
approximately ten minutes. 10” x 12" 18" high. Weight 76 Ibs. 

Write for a leaflet giving full details of this instrument, 
which is available for quick delivery. It is also available for hire. 


Nash and Thompson will design and make special 
instruments for any purpose, singly or in small 
batches. The company specialises in instruments 
40 do something out of the ordinary for industry. 
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NASH AND THOMPSON LIMITED 
Oakcroft Road, Tolworth, Surrey ¢ Elmbridge 5252 


GAS, ELECTRICAL AND MECHANICAL ENGINEERS 
SCIENTIFIC INSTRUMENT MAKERS * CONSULTANTS 


\CCURATE HIGH SPE 
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diffraction unit 


A unit designed for simplicity of operation 
with absolute accuracy and efficiency that 
enables the physicist, chemist, and metal- 
lurgist to ascertain submicroscopic details 
with certainty where they would otherwise 
have to rely upon inference. 


BECK 


phase contrast 
and incident polarised light 
are catered for by the 


ILLUMINATOR 


ADAPTABLE TO STANDARD 
METALLURGICAL MICROSCOPES 


Descriptive Booklet from 
R &J BECK LTD- 69 MORTIMER ST-LONDON-Wi 


The best compound 
for rapid heat {§ 


penetration 


Whether used for laboratory analysis, or 
in routine testing for the maintenance of 
manufacturing quality, the Raymax pro- | 
vides a convenient and indisputable means 
of identifying and classifying, by crystallo- 
graphic analysis, an almost unlimited | 
variety of industrial materials in daily use. 


NEWTON VICTOR LID 


132 LONG ACRE, LONDON wWC.2. COVENT GARDEN 086! 


MEMBER OF THE A.E.1 GROUP OF COMPANIES 


Britain’s Foremost Casehardening Compound 
A PRODUCT OF 
G.W.B. ELECTRIC FURNACES Ltd., 
DIBDALE WORKS, DUDLEY, WORCESTERSHIRE 
Proprietors : Gibbons Bros. Ltd., & Wild-Barfield Electric Furnaces Ltd. 
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LABORATORY METHODS 


MECHANICAL - CHEMICAL + PHYSICAL - 
INSTRUMENTS AND MATERIALS 


METALLOGRAPHIC 


Vol. XLVIII, No. 288 


A Note on the Effect of Certain Sample Forms on the 
Reproducibility of Analysis of Some Aluminium Alloys 
Using Simple Condensed Spark Source Units 


By E. C. Mills, A.R.LC., and S. E. Hermon 


suggested. 


Research and Development Division, High Duty Alloys, Ltd., Slough. 


As an outcome of the work reported in this paper, the possibility of using extruded rod for 
the construction of day-to-day calibration curves when examining cast material is 
Practical experience has shown that the efficiency of production of usable 


extrusions is at least five times as great as that of the usable portions of cast pencils from 


S a continuation of earlier work! on the relative 
performance of various simple condensed spark 
circuits, experiments were conducted to study the 

effect of some sample forms on the reproducibility of 
analytical results as applied to certain copper-bearing 
aluminium alloys. In High Duty Alloys’ laboratories 
it has always been normal practice to use cast pencil 
standards manufactured under carefully selected con- 
ditions from the eight-pin iron die introduced by 
Frommer.? Because of this, particular attention was 
paid to pin electrodes and the possibility of using small 
diameter extruded rod instead of cast pencils. 


Initial Work on Pin and Disc Samples 


At the beginning of the investigation, a limited 
number of tests was also carried out with various forms 
of dises, using a graphite counter electrode. For this 
initial work, the following pin and disc forms were 
prepared, using a general purpose spectrographic test 


1 Mills, E. C., and Hermon, &. E. Metallurgia, 46 (276), 213-215 (1952). 
2 Frommer, L. J. Jnst. Metals, 44, p. 396 (1939), 


a similar size melt. 


TABLE I.—PERCENTAGE COMPOSITION OF STANDARD ALLOYS USED.* 


alloy of similar composition to HID.55 as shown in 
Table I. 


(1) Die cast pencils (4) made in the eight-pin 
Frommer-type die. The diameter was 6 mm. and 
the average length 75mm., of which only 
35-40 mm. were used for analysis. 

(2) Extruded rod (C) obtained by extrusion through 

a five-hole die of a cast billet (B) 35mm. in 

diameter and 125mm. long. Five lengths of 

usable rod, each 50-55 em. long and 6-35 mm. 

diameter were produced. 

(3) Die cast discs (D), 56 mm. in diameter and 6 mm. 
thick made from a book-type die with vertical 
feeding. 

(4) Section of forged bar (#), 70 mm. diameter. 

(5) Sections of cast bar machined from material of 

(a) 110mm. diameter (Ff); and 
(6) 37mm. diameter (@). 

The sample forms are shown in the accompanying 

illustration (Fig. 1). 


Alloy Type | 


Cu Ni Ti 


2-29 | 1-08 0-06 _ 


0-08 


SP529 0-09 0-61 o-ll 3-94 1-41 0-11 0-42 0-10 0-39 
SP530 O-41 0-26 4-97 1-07 0-20 0-27 0-25 0-250 
HID.RR.250 | SP531 0-23 0-40 5-88 0-71 0-12 0-40 0-100 
SP535 0-41 0-250 4-95 2-00 0-20 0-27 0-250 0-26 
SP536 | 0-08 | 0-61 0-110 3-95 1-41 0-110 0-42 0-10 
| 0-80 O-81 3-96 0-06 0-09 0-621 


* Copper is not normally determined because of the steep calibration graphs obtained and the difficulties in 


suitable homogeneity. 
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obtaining routine cast pencil samples of 
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a” 
2 
“les 
| 
Si Mn Co Sb 
HID.R SP525 1-35 1-19 0-26 2-33 1-32 0-10 
SP527 1-13 1-42 O-15 2-09 1-63 0-12 | 
. 
= 
- 
ie 


Fig. 1.—Spectrographic sample forms used. 


The casting and subsequent fabrication of these 
samples were carried out under closely controlled 
conditions in the experimental foundry, and their 
homogeneity was checked at various stages by radio- 
graphic, microscopic, spectrographic and chemical 


analysis tests. 
To ensure comparative results, standardisation of the 
operating conditions and techniques, as in the source 


unit tests,! was used throughout the initial stages of this 
investigation. The Feussner condensed-spark unit 
(Q1043) (without interruptor) was employed in con- 
junction with the Hilger Medium Quartz Spectrograph 
(E498). The pin samples were carefully machined down 
to 3mm. diameter and the ends faced off flat: these 
were sparked as counter electrodes. In the case of the 
dise samples, the most homogeneous areas were selected 
on the basis of previous spectrographic and metallurgical 
evidence. These areas were sparked against 6 mm. 
graphite rod (machined in the same manner as the 
metal pins) as counter electrodes. In each test, the 
selected sample form was sparked 24 times, using a 
large number of specimens of that type. The percentage 


3 Walsh, A. B.N.F. Bulletin, 1946, No. 201, 60 ; see also Metal Ind., 68, 243, 
263, 293 (1946), ibid., 75, 43-45, 49 (1949). 


standard deviations (coefficients of varia. 
tion) were calculated on the true percentage 
content, and the mean results for a number 
of plates are given in Table IT. An examina. 
tion of Table II shows that, under the 
conditions used, the cast pencils and 
extruded rod give very similar reproduci. 
bilities, and all four disc-type samples give 
slightly inferior, yet similar, overall 
reproducibilities. 

In subsequent tests, using the B.N-F. 
General Purpose unit,* with higher added 
capacity than previously reported! (20 to 
80 »F), standard deviations similar to those 
given by the pins have been obtained with 
the disc samples. Further improvement of 
the latter could only be made by reducing 
the thickness of the casting. Graphite 
counter electrodes with sharp pointed ends 
gave better results than those with 
cylindrical ends. As found earlier’ when 
employing self electrodes, no improvement 
in results could be obtained by using the 
B.N.F. General Purpose unit instead of 
the simpler units. 

Table III shows the respective average ratios given by 
the various sample forms, using the Feussner unit, the 
same forms having been sparked on the same plate. 
As in Table II, the pins and dises fall into two distinet 
groups. The difference in ratios is more significant 
between the various disc forms than that observed with 
the two pin forms. The similarity of ratios obtained 
with the two pin forms made it worth while considering 
the possibility of interchanging cast and extruded 
pencils in the analysis of the above and other similar 
alloys. 


Further Work on Pin Samples 


From this point onwards, the investigation was 
confined to these two sample forms. Tests were carried 
out on other copper-bearing aluminium alloys, the 
compositions of which are included in Table I. The 
reproducibilities of the two sample forms were com- 
pared as above, but in this case the percentage standard 
deviations of the ratios were computed, conversion to 
percentage content being unnecessary for this compati- 
son. In addition, for each composition, the relationship 
between the line ratios given by the two forms of 
standard was determined in order to assess whether 


TABLE Il.—AVERAGE PERCENTAGE STANDARD DEVIATION OF THE CONTENT FOR EACH ELEMENT. 
(HID. 55 Type alloy, SP 520) 


Sample Form 
Cast Pencils (A) .. 
Extruded Rod 
Die Cast Dises ()) os ae 
Small Diameter Cast Dises (@). . 
Large Diameter Cast Dises (F) 
Forged Bar Dises 


Al! Elements 


| 


BEACH ELEMENT. 


Sample Form 
Cast Pencils (A) .. 
Extruded Rod (() 
Die Cast Dises 
Small Diameter Cast Dises (@).. 
Large Diameter Cast Dises (F) 
Forged Bar Dises (2) 


Dises 


Standars 
HID.RR.58 
(4 melts) 


HID.RR.25 
(5 melts) 


Dural 
(1 melt) 


Alloy 


HID.RR. 


HID.RR 


Dural 


these for 
tion of 
condense 
samples 
sparked 
The a’ 
element, 
form, ar 
by consi 
number 
antimon 
obtain s 
with th 
General 
purpose. 
alloy me 
the cons 
Exam 
agreeme 
of result 
the limit 
die, it w 
gave not 
gave sl 
casting 
pencils 
Table 
the ave 
two for 
forms g 
the pos 
pencils, 
In prac 
daily or 
therefor 


| me | re | o |} co | wm | 

2-57 2-62 5-82 3-6 3-56 | 3-97 3°70) 
2-70 2-32 4-64 | 3-64 | 2-42 B47 
TABLE UL—AVERAGE RATIOS FOR 

| Mg Fe | Si | Cu | Ni | Ti 

1-73 144 1-18 2-33 | | 0-64 Pract 
1-78 1-44 1-25 2-24 0-74 0-65 
1-82 1-35 1-20 2-11 0-72 0-67 shown 1 
| 1-73 1-44 1-21 2-20 0-72 0-66 sions to 

210 METALLURGIA Octo 


TABLE 


IV.—AVERAGE PERCENTAGE STANDARD DEVIATION OF 


RATIOS. 


TABLE 


V.—INTERCHANGEABILITY 


Individual Percentage Standard Deviations 
Standards Form Mg Fe | Si Mn Cu Ni | Sheena 
HID.RR.58 Cast 3-41 2-83 3°27 2-30 2-93 2-83 
(4 melts) Extruded 1-70 2-41 2-93 1-78 1-77 1-53 
HID.RR.250 Cast 5-10 2-23 3-61 2-17 2-94 2-30 | 
(5 melts) Extruded 6-82 2-57 3-95 2-36 3°26 2-46 
“Dural Cast 3-34 2-51 2-57 1-67 | 3-40 
(1 melt) Extruded 3-23 2°45 2-5 1-97 | 4-19 —_— 


OF RATIOS. 


Alloy Reference Form 


Average Ratios 


SP524 Cast 


1 
SP524 Extruded 1-39 
SP525 Cast 1-23 
SP525 Extruded 1-22 
HID.RR.58 Cast 0-99 
SP526 Extruded O-98 
SP527 Cast 1-05 


Extruded 0-99 


SP527 


SP529 Cast 
2 Extruded 1-038 
Cast _ 

Extruded 


SP53 


SP530 


en SP53i Cast 
HID.RR.250 Extruded 
Cast 
Extruded 
Cast 
Extruded 


SP538 | Cast 


Dural SP538 | Extruded 1-06 


Fe | 

1-36 0-49 _ 1-07 ' 0-56 | 0-53 
1-43 o-49 | 1-05 | 0-55 0-52 
1-75 0-46 _ 1-04 0-68 | 1-07 
1-76 1-00 0-67 1-04 
2-13 0-36 0-57 0-94 0-78 | 1-25 
2-19 0-35 0-57 0-79 1-12 
1-95 0-39 0-59 | 0-78 1-26 
1-98 0-37 0-59 0-79 | 1-20 
1-69 0-29 1-54 1-17 0-61 0-61 
1-71 0-29 1-52 1-i4 0-60 | 0-59 
1-08 0-44 1-03 1-43 | 0-52 | 1-04 
1-13 O44 1-03 1-43 O-51 1-03 
0-71 0-53 0-54 1-53 0-42 } 1-14 
0-71 0-53 0-54 1-50 0-41 1-10 
1-05 0-42 0-97 1-37 0-80 | 1-03 
1-11 0-43 0-97 1-37 1-02 
1-62 0-32 1-27 0-65 0-61 
1-62 0-33 1-50 1-26 0-64 0-62 


these forms were exactly interchangeable in the prepara- 
tion of element calibration graphs. The Hilger 
condensed-spark unit was used for these tests, and 
samples of the appropriate form or composition were 
sparked in sets of 24. 

The average percentage standard deviations for each 
element, covering the group of alloys in each sample 
form, are shown in Table IV, which has been compiled 
by consideration of the standard deviations from a large 
number of individual plates. Results for cobalt and 
antimony are not included, as it was not possible to 
obtain suitable excitation conditions for these elements 
with the simple source unit employed. The B.N.F. 
General Purpose unit was found suitable for this 
purpose. The comparative line ratios on the individual 
alloy melts are shown in Table V and are also based on 
the consideration of a number of plates. 

Examination of Table IV shows a satisfactorily close 
agreement between the percentage standard deviations 
of results from the cast and extruded forms. Within 
the limits of these experiments using the Frommer-type 
die, it was noted that, where the particular compositions 
gave noticeable casting difficulties, the extruded product 
gave slightly better reproducibilities. _ Where less 
casting defects were shown by the alloy, the cast 
pencils gave better results than the extruded rod. 

Table V shows remarkably close agreement between 
the average ratios of line densities obtained from the 
two forms. This similarity, and the fact that both 
forms give similar overall spectral densities, indicates 
the possibility of interchanging extruded rod and cast 
pencils, in spite of their different metallurgical histories. 
In practice, where several sets of standard are exposed 
daily on each plate, their consumption is very high and, 
therefore, the extruded rod, with its comparative 
economy of production and use, has distinct advantages. 

Practical experience gained in the above work has 
shown the efficiency of the production of usable extru- 
sions to be at least five times greater than that of the 
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usable portions of cast pencils from a similar size melt. 
One of the important conclusions which may be drawn 
from the above results is the possibility of the application 
of extruded rod to the construction of day-to-day 
calibration curves when examining cast material. To 
minimise the need for exhaustive chemical analysis, 
calibration of the extruded rod could be made by 
statistical comparison with normal cast pencils. 
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Welding Research 


In the August issue of Welding Research an account is 
given of tests of the hard zone crack sensitivity and 
strength of two low alloy steels with compositions based 
on those of steels giving good weldability and mechanical 
properties in a series of tests published previously. 
Mechanical tests and weldability tests have been made, 
and the effect of heat treatment at various temperatures 
on the mechanical properties and microstructure of the 
two steels has been studied. 

A comprehensive review of the published information 
on the self-adjusting are and controlled are welding 
processes is divided into three parts, the first two 
describing the fundamental features of the processes, 
and the last one giving information on the welding of 
both ferrous and non-ferrous materials. 

Some interesting work on the impact torsion method 
of examining the welds made between bolts and sheet 
by a resistance welding process are also described. The 
authors were interested in the possible significance of 
two types of weld produced: i.e., the fused weld and the 
pressure weld made in the solid phase. It was thought 
that this method might show some diiference. 
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“Production” Metallography 
By E. Wood 


Midland Research Co., Ltd. 


"Tm laboratory has occasion, in controlling raw 


material, to polish and examine some 50-70 

micro-sections per week. The material is mild 
steel rod of sizes from }—{ in. diameter. Cross-sections 
are required, and _ preservation of at least 
part of the edge is necessary to examine for decarburisa- 
tion and certain other features. The simple method 
now used for dealing with this routine problem seems 
worth recording. 

Initially, an attempt was made to cope with the job 
by mounting in plastic. With the smaller sizes several 
could, of course, be mounted and examined together, 
but the time taken was hopelessly long and the labora- 
tory speedily became disorganised. The plastic method 
also has the disadvantage—a very real one on a routine 
job of this kind—of consuming more time in preserving 
correct identification of the specimens. 

Several mechanical methods of mounting were tried 
and rejected before a satisfactory solution was found. 
Mechanical fixtures and holders were expensive to make 
and were ground along with the specimens so that the 
life was limited. Finally, the specimens were “ tied ” in 
bundles, as shown in the attached photograph, with the 
well-known “ Jubilee ’’ clips as used for radiator and 
other hose fittings. These can be had in various sizes, 
are very positive in action, are zinc-plated to prevent 
corrosion, and can be used over and over again. Sizes 
up to 2 in. can be dealt with in bundles of as many as 
12 specimens at once: the bigger sizes are arranged in 
bundles of from two to six. 

We have found that the quickest way of obtaining a 
satisfactory result is to bundle a suitable number of 
specimens of about 2-2} in. in length and hack-saw one 
of the ends roughly square after bundling. Grinding 
and polishing then proceed by conventional methods 
except that up to IF the grinding on emery paper is 
done mechanically using a rotating aluminium dise on 
which the papers are clipped. The disc and the papers 
are substituted for one stone of an ordinary two-stone 
grinding wheel. 

The polishing problem thus solved, further means of 
saving time were sought. The specimens are received 
stamped with an identification indicating batch number, 
cast number, manufacturer, etc. The larger specimens 
can be placed directly on the aperture of an inverted 
microscope and present no problem. The smaller 
sizes, however, simply do not stand up—the specimens 
are not dead straight and the polished faces are obviously 
not normal to the axis of the rod—and though mounting 
in plastic overcomes this difficulty time is then wasted 
in preserving identificaton. Another difficulty— 
inherent in the inverted stage with simple aperture 
stops—is that when traversing with a 4 mm. lens one is 
constantly catching the edge of the stop with the 
conical lens mount. All these time-wasting annoyances 
were overcome quite simply by using a permanent 
horseshoe magnet made from Alcomax III, the faces of 
the poles being ground square with the other faces. A 
large stop can be used for the smallest sizes of rod—no 


fouling of the lens mount occurs, and there is no scratel 
ing of the polished face, because, of course, it is never™l 
contact with any other surface. The specimens amy 
simply taken from the Jubilee clips, placed on the plammil 
poles or side face of the magnet, levelled by a simpl 
device and examined. The problem of identification ayy 
also solved. 

The time taken in polishing and examining has beg 
cut down to about one-third. The magnet is now 
permanent part of the microscope equipment and@ 


found to hold quite large specimens rigidly and well. iii 


is also of use for photography at low power where iii 
whole of the section is required with no cut-off by ti 
usual aperture stops. oF 
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